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The induction of mutations in different physiological states was 
studied in Saccharomyces cerevisiac. The two main lines followed were; 
the effect of the plating medium on the recovery of aupersuppressora; 
the effect of oxic versus anoxic conditions on the spectrum of forward 
mutations. 
In a strain that carries five auxotrophic nonsensemutations many 
reversions are due to suppression. When U.V.-treated and untreated parental 
cells are plated on complete media from which one of the five required growth 
factors has been omitted (omission media) there is a differential recovery 
of suppressors. The highest frequency is observed on C-TR (complete medium 
minus tryptophan) while the lowest is observed on C-AD (complete medium minus 
adenine) The study of the recovery of spontaneous and induced Class I 
suppressors (those acting on all five suppressible alleles) on all possible 31 
different selective media showed that exogenous his tidine inhibits the 
recovery of these mutants. However, if adenine is added to the histidine-
containing media, the inhibition is lifted. A model, based on the role of 
RNA in supersuppression and on the biosynthetic pathways of histidine and 
adenine can account for most of the observed differences between the 
frequencies of suppressors on the various media. It cannot, hoierer, account 
for the high frequency of suppressors on C-TR. Several hypoteses to explain 
this observation were tested. The tentative conclusion is drawn that, for 
the particular type of suppression required on this medium, either misreading 
of the nonsense codon by mutated tRNA is facilitated by the neighbouring bases 
or the type of acceptable amino acid is less rigorously limited. 
U.V.-induced class V suppressors (those acting on the tryptophan and 
arginins alleles) are also recovered at such higher frequency on C-fl than on 
C-AR. In fact, the difference here in even more striking. It appears that 
there are two types of these mutants: one grows better on C-fl and is recovered 
only on this medium at high frequencies; the other grows better on C-AR and 
is recovered only on this medium but at low frequencies. After a few transfers 
on media of diverse composition the differential growth effect was lost. 
Experiments were also carried out to test whether in yeast, as in 
bacteria, trace supplementation of an amino acid pool preferentially increases 
the recovery of supersuppressors. The results give no clear evidence for 
such an effect in yeast. 
The spectrum of U. V.-induced forward mutations in a wild type strain 
was studied under oxic and anoxic conditions. The Magdala red staining 
technique was used for selecting auxotrophs and was found suitable. Its 
efficiency, however, is lowered by the high frequency of induced pettte 
mutations which also stain on medium containing the dye. No qualitative 
or quantitative difference, were observed in the spectra of mutations. 
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The essential event in nut agenesis is the interaction between the 
nutagen and the DNA. Nevertheless, in many cues, it has become apparent 
that the production of a mutant is not an automatic consequence of this 
interaction. 
A DNA change may not lead to a mutant phenotype because: a) the 
altered triplet may still code for the sane amino acid due to degeneracy of 
the code (Goldberg and Wittes, 1966); b) the altered triplet nay code for 
another amino acid that still allows the protein to be functional (Yanofsky 
at al., 1961); c) the change may occur in a duplicate segment, thus still 
allowing synthesis of the normal gene product (D.aerec, 1962); or d) the 
change may occur in a genone that already carries an active suppressor of 
this mutation. 
Alternatively, a potential mutation may not be detected because 
the pathway by which its expression occurs is interrupted. When a mutated 
gene arises, the primary lesion in DNA nay, for instance, be repaired by 
a cellular enzyme and the original wild type codon be restored. If repair 
does not occur, the new information has to be transcribed and translated 
and a new metabolic pattern has to develop in thee cell. This nay involve 
the synthesis of a new type of RNA, which may have to replace most or all 
of the existing one before the cell assus mutant properties. And, 
finally, the mutated cell has to grow into a clone of similar cells. 
2 . 
Failure to carry out one of these secondary steps in autagenesis may result 
in loss of a potential mutation. Auerbach (1966, 1969) has likened all these 
events to sieves that have to be open if the potential mutation is to be 
realized. 
Therefore, the differential response of two or more genes to one 
or more autagens may reflect a specificity either at the primary level, 
i.e. the preferential interaction between a nutagen and a particular base-
pair, or at a secondary step in the mutational pathway due to an ancillary 
factor. 
Physiological state nay influence greatly the mutational pathway 
and this may be affected by such external factors as nutritional status 
and cost treatment conditions like oxygen tension. As a result, considerable 
distortion of both qualitative and quantitative results of mutagenesis may 
occur. Pull understanding of mutagenesis requires a thorough investigation 
of these possibilities. 
The purpose of this work is the study of systems which offer the 
possibility of emphasizing the role of ancillary factors in the production 
of mutations. This is possible by looking at a series of mutant classes in 
one system and observing the changes in the proportions of these mutant 
types in response to variations in certain physiological conditions. 
Two mutational systems were selected in Saccharomyces cerevisiae 
for this purpose and their study was conducted under such varied 
enviroiental conditions as might be expected to have marked effects on 
the physiology of the cells 
3 . 
1 • UV-induced forward mutations to nutritional requirements were 
studied under oicic versus anoxic conditions. 
2. The recovery of spontaneous and UV-induced supersuppressor 
mutations was studied on various plating media. 
Both are forward mutation systems and, as such, are less likely to 
suffer specific effects at the DNA level than are reverse systems. A true 
reverse mutation occurs when a specific altered site is reversed back to 
the wild type codon. A autagen may have a particular affinity for the 
altered base and revert this base preferentially. In contrast, forward 
mutations can arias from all kinds of mutational change at many sites in 
a gene. The chemical similarity between genes is such that it is unlikely 
that one would be singled out by a autagen (ilbey, 1969). 
However, there are some instances of specificities observed in 
forward mutation studies. The work of BenZer and Freese (1958) on the rh 
region of bacteriophage T4 is a classical example. They found that, in 
this region, both spontaneous and 5-brosouracil induced mutations tenEed 
to occur at specific sites. The location of these "hot spots" was 
different for the two classes of mutations. Although the hot spots are 
net gene specific, there is a suggestion (Zaaenhof et al, 1962; Zsaenhof, 1967) 
that the sequence of bases surrounding these sites determines their high 
mutability. 
4. 
Other cases of specificity in forward mutations have been found 
to be provoked by external factors. UV light induced several thousand of 
a large range of auxotrophs in the ascoaycete Ophiostosa but none required 
histid.Lne (Zetterberg, 1961, 1962). Nevertheless, among 63 nitrosomethyl-
urethane (NMU)-induced auxotroph., 9 were hLstidine requiters. In both 
cases, after treatment, conLdia had been plated on complete medium. If, 
instead, conidia were plated on minimal medium supplemented with histidine, 
UV produced as many hLstidine requiters as did LOW. It would appear that 
a constituent of complete medium suppressed the growth of UV induced 
histidine mutants while not inhibiting these mutants when induced by Jew. 
Recently, Zetterberg (unpublished data, quoted from Auerbach, 
1969) has also shown that phleomycin-treated mutants of Qphiostoma are 
almost exclusively inositol requiters when conidia are plated on complete 
medium. Adenine requiring mutants were obtained if pheomycin-treated conidia 
were plated on minimal medium supplemented with adenine. 
In Penicillium chrysogenum, manganous chloride suppresses the 
mutation to azaguinine resistance induced by nitrogen mustard but not by 
other mutagens (Arditti and Sermonti, 1962). 
These specificities in forward mutations seem to result from the 
interaction between autagen and plating medium inhibition rather than at 
the primary level. 
Loppes (1970) reported a case of plating medium inhibition 
independent on the mutagenic agent used. In Chamydosonas reinhardi, he 
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found that arginine requirer mutants are not recovered on medium containing 
the ammonium Lou. This holds for mutants induced by UV-light, N-methyl-N- 
S 
nitro-N -nitrosoguanidine and ethyl methanesulfonate. Again, this 
specificity seem to arise at a later level than that of the primary 
reaction of these nutagens with DNA. 
The effect of anoxia on mutation has been studied when anoxic 
conditions were given during and after irradiation. Reports on the effect 
of anemia during X-ray (Thoday and Read, 1947; Kolaark,196)and UY treatments 
(H(n..qis and Taylor, 1951; Zett.rberg, 1964) suggest that anoxia acts by 
effectively reducing the irradiation dose. However, it has been shown that 
nitrogen may act specifically ozi sos types of mutants while not affecting 
others. Anderson (1951) studied the mutation rates to streptomycin and 
purine independence of two strains of £scherichia coli. Although lethality 
was, in both strains, similarly decreased in the presence of nitrogen, 
mutability responded differently. The mutation rate to purine independence 
was profoundly decreased in the presence of nitrogen while the mutation 
rate to streptomycin independence was but slightly affected by nitrogen. 
Kaplan (1953) studied the effect of anoxia after UV irradiation 
on the induction of sulfonamide resistance and s mutations which produce 
colour sectors. Anoxic conditions decreased the frequency of sulfon-4de 
resistance mutants but had no effect on the frequency of s mutants or on 
killing. In this last example, as anoxic conditions were given after 
treatment, the effect obtained was clearly in a secondary step. 
6 . 
In yeast, anoxia has profound effects on the aitochondrial 
system. In anoxic conditions aitochondria disappear and only a peculiar 
cytoplasmic membrane system is produced (Linnane at all 1962). Wilkie 
(1963) has shown that the multi-hit UV-induction curve for petite 
mutations under aerobic conditions, becomes a single-hit curve if the 
cells are grown in anoxia prior to irradiation. However, to date, no 
attempts have been aide to examine the effects of anoxia on the spectrum 
of auxotrophs obtained after UV treatment. 
Supersuppressors were first reported in S.cerevisiae by Hawthorne 
and Mortimer (1963). They showed that these suppressors were locus non-
specific, suppressing fourteen different phenotypes, but were allele 
specific, acting only on a fraction of mutant alleles at any given locus. 
Since then, many reports on these supersuppressors provided evidence that 
their features were very similar to nonsense suppressors in bacteria 
(reviews by Gorini and Beckwith, 1966 and by Mortimer and Gilmore,, 1968). 
That the supersuppressible alleles are nonsense mutations has 
been demonstrated in many ways: 
Supersuppressible mutants of S.cerevisiae have been shown not to 
be leaky (Itanney, 1964; Gilmore, 1966) as would be expected of nonsense 
mutants. 
Nonsense mutant* generally do not complement but if they do so 
they exhibit polarized patterns of complementation with respect to their 
position on the genetic zap, i.e., they only complement aissense mutations 
7 . 
mapping between their own map location and the reading starting poiit. In 
S.cerevisi&e, the study of series of mutant alleles at the 	locus (Kanney, 
1964),hi locus (Fink, 1966), 1e 1 
 locus (Nakai and Mortimer, 1967) and 
locus (Mortiner and Gilmore, 1968) revealed that ability to participate in 
allelic complementation and ability to be supersuppreisible were 
in the main 
mutually exclusive properties. A few mutants which were both supersuppressible 
and complementing showed polarized pattern of complewatatiOfl. 
3. The phenotype of certain mutant alleles can be reverted by growing 
the cells on Media of high osmotic pressure or at high or low temperatures 
(Hawthorne and Priis, 1964). This effect has been interpreted as occurring 
at the protein level and possibly involves rectification of errors in 
tertiary structure, caused by an amino acid substitution, which transcribes 
a aissense codon. "Osmotic remedial" mutants would be expected not to be of 
the nonsense type. In agreement with the expectations, Hawthorne and Priis 
found that 13 osmotic remedial Mutants of S.cerevisiae were not supersuppressible 
and that 23 supersuppressible alleles failed to be reversed by osmotic 
pressure or temperature changes. 	
c o c 
4. Hydroxylamifle acts preferentialy on ymembae inducing G-C -4 A - T 
transitions (p resto et al., 1961; Schuster, 1961; Champs and user, 1962). 
If this is true for yeast, this mutagen should not be effective in inducing 
reversions of nonsense mutants • It has no effect on ochre codons (BAA), 
which lack guanine, and mutates a nonsense codon possessing a guanine base 
8. 
(1MG 9 IXA) into the other nonsense codon (UAA). Magni and Puglisi (1966) 
have shown that, although some missense mutants of S.cereviaiae were 
reversed by hydroxylamine this mutagen failed to induce true revertants 
of supersuppressible mutants. 
5. Manney (1968) has provided evidence that yeast supersuppressible 
mutants contain polypeptide fragments. Thus, aupersuppressible mutants 
bear chain terminating triplets. 
Evidence on the mode of action of supersuppressors of S.cerevisiae 
suggests that the mechanism of suppression is similar in this organism 
and in bacteria. 
Iso-1-cytochroae c mutants U12 of S.cerevieiae are suppressible 
by S 1 supersuppressors. The study of the amino acid composition of iso-i-
cytochrome c proteins from a wild type strain and from _ 1_2 S 1 mutants 
revealed that they differed in one amino acid. The suppressed proteins 
contained one less residue of glutamic acid and one more residue of 
tyrosine than the wild type protein (Gilmore et al., 1968). 
Marmey (1968) has shown that suppressed tryptophan synthetase 
mutants of S.cerevisiae produced both protein fragments and entire poly-
peptide chains. 
The S 1 supersuppreesor gene is capable of masking the effects 
of mutant genes !i  and 	
This was studied with respect to its 
effect on the respective enzymes saccharopine dehydrogenase and 
saccharopine reductase ( Pjellstedt et *1., 1968 Pjellstedt and Ogur, 1970). 
9 . 
Studies by optical methods of these two enzymes extracted from suppressed 
14-1 and 4 cells, respectively, revealed that their Im values were 
significantly greater than those found in wild type. 
Supersuppressors of S.cerevisiae were shown to be dominant (Gilmore, 
1966). 
Hawthorne (1969a and b) dsaonstrate 1 that yeast supersuppressors 
areochre-specific, saber-specific and others are ochre-amber suppressors. 
These findings are consistent with the inference that a supersuppressor 
gene codes for an altered tRJIA able to misread a nonsense codon. As a 
consequence an aai:'. ri may be inserted at the site of the nonsense codon 
and a complete polypeptide chain is produced. The amino acid inserted by the 
nsense suppressor nay, or nay not, replace the amino acid characteristic 
of the wI)1 type protein. In any case it must be such that it restores, 
completely or partially, wild type activity. 
The recovery of yeast supersuppressors has been shown to be affected 
by the composition of the plating medium (Gilmore, 1966; Hawthorne, 1969a). 
However, no explanation has been found for this effect. 
It was already shown that the plating medium may play a major role in 
forward mutation. In reverse mutation experiments too the plating medium 
is important. In reverse mutation experiments, screening media are 
typically used so that, in a large number of auxotrophic parental cells, 
only the reversed cells can grow. This technique imposes a time-limit 
for the completion of the mutational process. A mutated cell faces the 
10. 
competition from the parental cells. If a new mutant is not able to form 
a colony before the medium is exhausted by the background growth, it will 
die of starvation. O!erstionally suppressors are, like reverse mutations, 
subject to the same competition. 
Examples have been recorded of mutants which require residual 
divisions for expression (Deering, 1963; Chopra, 1967; Clarke, 1967a 
and b; Corran, 1970 - Ph.D. Thesis). This requirement for residual 
divisions may be satisfied to some extent by supplementing the screening 
media with trace quantities of the required metabolite with subsequent 
increase in mutation frequency. 
In other cases, an additional enhancement in mutant recovery, 
may be obtained by supplementing the medium with trace quantities of an 
amino acid pool. This enhancement is over and above that obtained by 
supplementing the medium with trace quantities of the required metabolite. 
It has been shown that in bacteria the mutants which respond to "broth 
effect" are overwhelmingly of the suppressor class (Witkin, 1963; 
Bridges et al. 1967; Osborn and Person, 1967). 
Witkin (1956) showed that the number of UV-induced prototrophs 
from auxotrophic strains of Salmonella typhimurium and Bscherichia coli 
was determined by post irradiation treatments which changed the physio-
logical conditions of the cells. The absence of appreciable changes in 
survival indicated that the effects observed acted upon the mutation 
processes. High yields of mutants were obtained when the cells were 
kept in nutrient broth during the first hour of postirradiation and 
prior to the first postirradiation division. 	It was found 
11. 
that same acids were the active fraction of the nutrient broth. The meta-
bolites required by the auxotrophic strains were inactive and so were 
vitamins,, purinea and pyrinidines. If inhibitors of protein synthesis, 
such as chloraaphenicol, were present in the amino acid-rich sodium during 
the sensitive period, a pronounced reduction in the yield of prototropbs 
was observed. Treatment with chlorsmphenicol had no effect on the yield of 
mutations when given later than one hour after irradiation, provided the 
cells had been kept in an amino acid-rich sodium. 
These observations led to the conclusion that the exogenous supply 
of amino acids determines the rate of protein synthesis which inf1uenci the 
f induced prototropFs. 
Later Witkin (1959) showed that the period of sensitivity to 
these treatments could be eatended by stronger doses of UV irradiation or 
by incubation in caffeine which is an inhibitor of nucleic acid synthesis. 
As UV irradiation also causes delay of DNA synthesis, it was argued that 
the termination of the sensitive period involved nucleic acid and maybe DMA 
synthesis. 
Mutation frequency decline (MPD) was observed if the cells were 
kept in minimal medium lacking a nitrogen source imei.diately after UV 
irradiation (Doudney and Hass, 1958, 1959 0 1960 and Hiss and Doudney, 
1957, 1960). 
NPD and "broth effect" are thought to be enzymatic and energy 
requiring phenomena, because they were inhibited by dinitrophenol, a 
compound which uncouples oxidative phosphorylation from respiration. 
12. 
The process of MPD has been more recently interpreted (Witkin, 
1961) as the result of dark-repair processes active on DNA but inhibited 
by conditions which favour RNA ant protein synthesis (broth effect) 
immediately after irradiation. 
WLtkin (1969) explain&d the specificity of these phenomena in 
suppressor mutations as follows: )IFD-promoting conditions increase the 
repairability of suppressor genes by triggering their repression, and the 
repressed state of any gene may favour more efficient repair than its active 
state. The apparent specificity of suppressor genes, in that case, may 
reflect only the specificity of the conditions required to produce the 
repressed state. 
The specific inhibition of medial metabolites on cellular metabolic 
processes is another way by which the p*ing medium may play a role in the 
recovery of mutants. 
A class of mutants was discovered in S.cerevisiae (I4euris et al., 
1967; Meuria, 1969). which could be recovered on complete medium as well 
as on minimal medium, like the wild type, but were inhibited on minimal 
medium supplemented with a given metabolite. Eighteen of these "inhibited 
mutants" were inhibited by one or more of seventeen amino acids. In every 
case, if other re*ed metabolites were added to the aedi, the 
inhibition was relieved. These mutants generally indicate interaction 
between metabolic chains. 
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Clarke (1963) reported that the induced mutation frequency from 
adenine dependence to adenine independence, in a strain of Schizo-
ssccharomyces posbe, was such reduced by the addition of gratuitous 
metbionine to the monoauxotroph. This inhibition occurred also in the 
disuxotrophic strain, requiring both adenine and aethiontne, where 
methionine was an obligatory medial component. The degree of methionine 
inhibition of mutation frequency was autagen dependent, being much more 
pronounced for IN light than for nitrous acid. Clarke's data on the 
doubly requiring strain is an apparent case of autagen specificity 
at the primary level. However, the inhibition caused by nethionine 
to the 1W-treated sonosuxotrophic strain, shows that the mutagen 
specificity arises at a later stage of the mutation process. 
Many instances have been reported of specific inhibition of one 
class of mutants by metabolites, gratuitously or obligatory, added to 
the plating medium (Luzzati, 1959, 1966; Zetterberg, 1961 9 1962; 
Arditti, 1962, Loppes, 1970). Recently, Corran (1969) found an 
interaction between the genetic background and medial factors in 
spontaneous histidine reversions in a strain of Bacillus subtilia. 
14. 
MATERIALS AND METHODS 
Yeast attains 
Haploid strains of yeast S.cerevisiae were employed throughout this 
work. 
Strain X1687-16C, of genotype , 14-48 !45 -2' 41-1 14..17' 3g2_1 , 
.1.01_12' !!j was obtained from Dr. R.K. Mortimer. The first five alleles 
are supersuppressible ochre nonsense mutations. The other two a1le, 
10-1-12 and me 1 , are miasense mutations non-supersuppressible. This strain 
was used for inducing supersuppreseors. 
Strain 188, obtained from Dr. D. Wilkie, is a wild type strain of a 
mating type. It was used for inducing forward mutations. 
Two strains, one tr..of a mating type and another, h.t ser, of a 
mating type were obtained from Dr. R. Kemp. They were used for testing 
the Magdala red technique (see below) and the last one (a, hi.7 ser) 
was crossed with two class V suppressor mutant strains induced during the 
course of this work. The details of these two strains will be found in 
the RESULTS. 
Media 
The composition of the media used and the purpose of each are as 
follows: 
TBPD - 	(yeast extract peptone dextrose medium): 1% yeast extract, 2% agar 
Eacto-peptone, 2% glucose, 2% agar. This medium was used for 
stock maintenance and routine culturing of strain X1687-16C. 
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*1 - (minimal medium): 0.67% Difco yeast nitrogen base without amino acids, 
2% glucose, 2% agar, 20 mg/litre of each methionine and uracil and 
30 mg/litre of leucine. In some cases one or more metabolites were 
added to this medium. Such media will be indicated by the symbol for 
minimal medium plus the symbol for the metabolite(s) added, e.g., JIM + 
Hi represents minimal medium supplemented with histidine. 
01 - (complete medium). JIM supplemented as follows: tryptophan, lysine, 
arginine and adenine, each at 20 mg/litre and histidine at 10 mg/litre. 
This medium was used for assaying viability of strain X1687-16C. 
Omission media - 01 lacking one of the supplements. C-fl, C-Hi, C-Ly, 
C-AR and C-AD represent 01 minus tryptophan, 01 minus histidine, 
01 minus lysine, 01 minus arginine, and 01 minus adenine, 
respectively. These media were used for scoring revertants and 
suppressors. In some cases more than one metabolite was omitted 
in the sodium. In such cases the media will be indicated by the 
symbol for the complete medium minus the symbols for the metabolites 
omitted, e.g., 01-TR.AR represents 01 minus tryptophan and arginine. 
GNA - (glucose nutrient agar medium): 5% glucose, 2.3% Bacto-nutrient agar, 
1% yeast extract, 0.5% agar • This medium was used for presporulat ion 
growth. 
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PA - (potaasium acetate sedium): 1% potassium acetate, 0.23 S yeast extract, 
3% agar. This medium was used for sporulation. 
PDA - (potato dextrose agar medium): 3.9% potato dextrose agar. This medium 
was used for routine culture of wild type strain 188. 
CCII - (complete medium): 0.15% '42 so 
 4'  0.15% UI2 P040  0.1% MgSO4 •7H20, 
0,15% yeast extract, 0.15% 8acto-peptone, 2% glucose, 1.5% agar. 
This medium was used for recovery of forward mutants. 
MR-CCU - (Magdala red medium) v CON containing 10 mg/litre Magdala red, 
This medium was prepared according to Horn and Wilkie (1966). It 
was used for detection of forward mutants. Acid Magdala red was 
kindly supplied by Dr. D. Wilkie. 
SK - (synthetic minimal medium): 1 litre contained lg (1m4)2 504 , 0.125 g 
H PO4, 0873 UI P049  0.5 g Mg 304• 7H20, 0.1 g CaCl2, 0.0001 g 
U, 0.1 g MaCi, 1 Al trace element solution, 1 ml vitamin solution. 
Composition of trace element solution per litre: 87 mg Na 2  14 07.1011201 
147 mg Zn Cl2 , 21 
mg  Cu C12.2H20 9 240 mg Fe C1 3 .6}120. 
Composition of restricted vitamin solution per litre: 400 mg thiamin, 
400 mg pantothenate, 2000 mg inositol, 2 mg biotin. This solutipn 
was made with 300 ml ethanol and 300 ml RIO. This medium is a 
modification of Wickerham's medium used, in this work, for detection 
of nutritional mutants. 
17. 
Buffer: 	9.13 g/litre of KM2 PO4• Final pH 45. Was used as a general 
suspending fluid and washing fluid in the experiments. 
111. Induction of reverse mutations. 
One colony of strain X1687-16C was isolated from the stock 
maintenance medium. It was suspended in phosphate buffer and aliquots were 
spread on TEPV' plates. To ascertain that the isolate did not contain 
previous mutations, 0.1 ml samples of the suspension were plated on the 
five omission media. The Cultures were incubated at 30 0C for 40-48 hours. 
If no growth occurred on the omission media plates, the YEPD cultures were 
harvested, washed twice in buffer, suspended in buffer and diluted to a 
concentration of approximately 5 x 107 cells/mi. 20 ml of this suspension 
were irradiated with ultraviolet light at doses giving survivals ranging 
between 60% and 18%. The source of ultraviolet irradiation was a Philips 
0 
15W TW source giving 90% of its output at 2537 A. A dose rate of 67.2 erg/ 
i.m2/sec was used. 0.1 ml of this suspension was plated on each plate of 
the following omission media: C-U, C-Mi, C-LY, C-AR and C-AD. For 
survival counts, aliquots of an appropriate dilution of this suspension were 
plated on CH. 
As control, the same procedure was followed with untreated cells. 
All the plates were incubated at 30°C for 5 days. 
all 
Classification of revertants. Depending on the numbers induced/or a random 
sample of revertant colonies, were isolated onto YBPD plates. These master 
plates were incubated for 2 days and then each was replica plated onto C-U, 
18. 
C-RI, C-LY, C-AR and C.-,#D. The replicates were scored after 6-7 days incubation 
at 300C. If any revertant colony exhibited growth in more than one medium it 
was considered to contain a suppressor mutation and was placed in the 
corresponding class. 
V. Induction of forward mutations 
Wild type strain 188 was cultured on PDA for 14 days at room 
temperature, harvested and washed twice in phosphate buffer. 20 ml of a 
suspension containing approximately 10 cells/al were irradiated with 
ultraviolet light and aliquots of suitable dilutions were plated on CON or 
MR-CON. The details for the ultraviolet irradiation were as described for 
induction of reverse mutations. After 6-10 days incubation at 30°C 
samples of colonies grown on CON were taken at random and isolated on SM 
and CON. The red colonies of samples grown on MR-1 were also isolated 
on SM and CON. 
Classification of revertants. Colonies unable to grow on SM were then 
tested on SM supplemented with either amino acids, nitrogenous bases or 
vitamins. SM supplemented with casein hydrolysate was also used for testing 
mutants failing to grow on any of the above media. 
V. 	Anaerobiosis. 
mA cultures of wild type 188 were grown anaerobically in a 
modified McIntosh and Pildes jar (Baird and Tatlock Ltd.) containing N 2 , 
for 14 days at room temperature. The jars were cooled before opening and 
washing and treatment were performed with ice-cold buffer. Plates were kept 
in anaerobic jars for 6 days at 30°C. 
19. 
Diagnosis of Respiratory Deficient Mutants. 
RD mutants were tested by the tetrazoliva overlay technique 
described by Ogur (1957). In some cases they were also tested on COU where 
glucose was substituted by 3% glycerol. 
Crossing Technique 
Diploid colonies were obtained by overlapping streaks of haploid 
parent strains on M plates. The plates were then incubated for 2-4 days 
at 30°C. Diploid isolates were kept for 2 days at 30 0C on GNA, after which 
they were incubated a further 2 days on PA at 250C. A suspension containing 
asci was treated with helicase for 2 hours at 30 0C and plated on YEPD. 
Auxotrophic haploid segregants were isolated after replica plating. 
20. 
RESULTS 
I. SUPERSUPPRRSSOR MUTATIONS 
A. The Effect of the Selective Medium on the Spectrum of Suppressors 
When strain X1687-16C, carrying the five ochre (Hawthorne, 1969*) 
nonsense mutations, tr58 , j54 L1-V L4...17' 	
ii plated on 
selective omission media (C-fl, C-Hi, C-LY C-AR and C-AD), a mixture of 
revertant colonies can be obtained composed of true revertants and 
suppressor bearing clones. The presence of suppressor genes in strain 
X1687-16C was demonstrated by Gilmore (1966). Genetic analysis showed 
that forty-four multiple-site revertants represented a minimum of 
seventeen supersuppressot loci. 
These suppressors are able to restore prototrophy to two or 
more alleles of this strain in one single step and are classified 
according to the alleles they act upon. Naive different classes of 
supersuppressors, found after UV light, X-rays and carbon-ions 
induction, have been described in this system by Mortimer and Gilmore 
(1968) and I will follow their classification. New suppressor 
phenotypes obtained in the course of this work will be classified from 
class XIII onwards. 
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I. Frequencies of suppressors and true revertants on different 
plating media. 
A series of experiments were conducted to test the strain. 
A suspension of strain X1687-16C was irradiated with ultraviolet light 
and aliquots plated on the five omission media listed above. At the 
same time, dilutions were made of both treated and untreated samples 
and these were plated on 01 to assay the survival level after treatment. 
Revertants were scored on each omission medium and a non-selected sample 
of the colonies obtained was tested for growth on all the other omission 
media used. Any revertant growing on more than one medium was classified 
as a super supressor mutant and placed in its appropriate class. The 
results of one such experiment are given in table I. 
Gilmore (1966) found that a larger number of suppressors 
and a greater variety of classes of suppressors were obtained on C-TR 
than on the other omission media. On the other hand, C-AD did not 
yield any suppressors. On this medium he only found adenine true 
revertants. 
Mortimer and Gilmore (1968) found that the majority of 
spontaneous revertants are class I suppressors. After UV irradiation 
the spectrum of revertants changed: the great majority of mutants were 
true revertants while suppressors represented a small fraction of the 
total mutants. Nevertheless, a larger variety of classes was recovered. 
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Their results concern the total number of revertants recovered on the 
five omission media. In their data the spectrum of true revertants 
and classes of suppressors obtained on each medium was not given. 
The results shown in table I agree with them in that: 
C-Th yields a larger number and variety of suppressors than any 
other omission medium. 
Class I suppressors represent almost all of the spontaneous 
revertants. An exception was for C-TR, where true revertants 
and other classes of suppressors occurred as well. 
After treatment, the spectrum of revertants changed; true 
revertants were now the largest class observed. 
In disagreement with Gilsiore's data it was found that, although 
smaller in number, suppressors were recovered on C-AD. Ltlbey (personal 
communication) has also observed the occurrence of a low number of 
suppressors on this medium either spontaneous or after UV irradiation. 
It is interesting to observe that the spectrum does not seem 
to be different for the two doses of UV irradiation. 
In contrast with later experiments, where a large variety of 
classes was obtained, the suppressors recovered in this experiment were 
only distributed between the first five classes. This result may be 
easily explained since the number of suppressors obtained in this 
-KADLO is 	aJwviiiu Ur bUFFRE55OR5 AND TRUE REVERTANTS ON DIFFERENT PLATING MEDIA 
Total Noof 
revertants/ Total No.of Suppressors 
3 x 10 colonies True 
Survival Medium cells plated Tested revertants Class I Class II 	Class III 	Class IV 	Class V 
No C-TR 86 45 29 6 - 	 4 	- 	 6 
Treatment C-Hi 8 8 - 8 - 	 - 	 - 	 - 
100% C-LY 7 7 - 7 - 	 - 	 - 	 - 
C-AR 12 12 1 11 - 	 - 	 - 	 - 
C-AD 3 5 - 5 - 	 - 	 - 	 - 
UV-dosel C-fl 716 208 192 8 - 	 1 	1 	6 
56.7% C-Hi 413 264 256 8 - 	 - 	 - 	 - 
C-LY 164 35 32 3 - 	 - 	 - 	 - 
C-AR 223 64 64 - - 	 - 	 - 	 - 
C-AD 181 179 174 5 - 	 - 	 - 	 - 
UV-dose2 C-fl 823 156 143 7 1 	1 	- 	4 22.4% C-Hi 432 156 152 4 - 	 - 	 - 	 - 
C-LY 167 156 146 10 - 	 - 	 - 	 - 
C-AR 248 197 196 1 - 	 - 	 - 	 - 
C-AD 198 156 154 2 - 	 - 	 - 	 - 
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experiment was small and the first five classes are the most frequent. 
It is of course possible that suppressors acting on only one 
of the genes are misclassified as true revertants. Nevertheless, 
Magni and Puglisi (1966) have studied, in the same system, hi', ly' 
and + revertants unable to grow on more than one of the five 
omission media, and found that only 2 out of 180 contained an external 
suppressor. Consequently, the small percentage of suppressor-bearing 
colonies that would be considered as true revertants would not affect 
the estimate of true reverse mutation frequencies. 
Spectrum of suppressors on C-TR. As C-TR yields a higher number of 
suppressors and a larger variety of classes than any other mediva, 
it was decided to study the spectrum of mutants obtained on this 
medium in greater detail. The result of the analysis of the revertants 
obtained after treated and untreated cells were plated on C-TR is 	
11 
given in table II. 
As it was seen earlier, suppressors belonging to class I are 
more frequent in untreated samples. Other classes of suppressors also 
occurred, but in smaller numbers. After induction, the highest number 
of suppressors belonged to classffi I, III and V. In this experiment, 
five new classes of suppressors that had not been described by 
Mortimer and Gilmore (1968) were also recovered. They were 
classified as classes XIII, XIV, XV, XVI and XVII. 
Mall U*7*I3S or Sm imscas AND TRIM UVTA1I1 ON C..TR 
$postaaos Tr.,t.. 
No, P.tcsnt No. Ptt**t 
Total ao* ravutsnts/3 z 10 Cells ^ted 133 $77 total no. co1ojos tested 71 - 46$ 
- 
True revert, 66 14.6 33$ 71.1 Total as. wAppc*sSqrs 12 13.4 132 as.a 
Ails .ep soprsssid 




• $ 30.0 1712.9 
III . - - 1 1.3 6 4.3 
IV - • - 0 40 1712.9 - 1 1.3 3 1.3 
0 40 36 43.4 
VU • 	- - 2 1617 5 3.1 
VIII - - 1 1.3 10 7.6 
U . - . 1 0 
8.3 6 4.3 




3.0 XI - 0 - 0 - Zn - 	. 	- - 0 - 0 - XIII • - • 0 - 3 2.3 Zr, . - + 1: 0 - 1 0.1 xv - - 0 1 0.$ 
XVII • 0 - 1 0.1 - - 0 - 3 1.3 
• DY trntat ga,. $ srvlva1 of 24% 
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It may be concluded that the yield of suppressors varies 
according to the plating medium. On C-Tit the total number of 
revertants is higher and suppressors are also more frequent than 
on any other medium. With the exception of classes XI, XII and 
XVIII, the last one recovered in later experiments, all classes 
Of suppressors suppress the tryptophan allele. Suppressors belonging 
to class XI were never recovered in the course of this work and 
Mortimer and Gilmore only obtained them after X-rays or carbon ions 
Induction. However, the fact that almost every class of suppressors 
can occur on C-TR does not explain the high yield of suppressors 
observed on this medium. Later, in this chapter it will be seen 
that the yield of class I suppressors is higher on C-fl than on 
any other medium. Nevertheless, class I suppressors suppress the 
five alleles and therefore can grow on all five omission media. The 
same happens with class V suppressors: although suppressing the 
tryptophs.n and arginine alleles their recovery is much higher on C-fl 
than on C-AR. 
Two different types of explanation can be put forward to 
account for the high yield of suppressors observed on C-U. One 
concerns the plating medium itself. Every omission medium has a unique 
composition and it may be that the Composition of C-fl promotes the 
building up of some particular molecules necessary for the expression 
of suppressors. The other concerns the nature of the original lesion. 
Since on any medium only one gene has to be suppressed before a 
25. 
mutant clone can occur, a possibility in that the tryptophanless 
allele is more "easily suppressed" than any of the other alleles. 
This problem will be more thoroughly discussed in the DISCUSSION 
in relation to the study of class I suppressors. 
The diverse yield of suppressors on the different plating 
media appears to be complex. This complexity is further increased 
by the great variety of classes ol suppressors recovered. Therefore, 
it was decided to confine further analyses of this problem to some 
classes separately. Class I suppressors, the first one to be 
studied, 	a r e 	the subjecto of section B. Nevertheless 
before going into this study, I looked at a different problem: 
the effect of medial suppleaenta,n on the recovery of the whole 
range of classes of suppressors and true revertants,. 
2. Effect of medial supplementation on the recovery of mutants 
The recovery of spontaneous and induced mutants of strain 
11687-16C was also studied on selective media supplemented with trace 
quantities of either the required growth factors or yeast extract. 
The incorporation in the selective medium of trace 
quantities of the omitted growth factor could enhance the recovery 
of spontaneous mutants by allowing residual divisions to take place 
on the plates, leading to a larger final population size and hence 
increasing the chance for cells to mutate spontaneously. 
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The recovery of induced mutants can also be enhanced by the occurrence 
of residual divisions and by promotion of the synthesis of the missing 
enzyme. In this case, allowance for residual divisions can rescue 
cell, bearing preautational lesions. 
The enhancement observed when the selective medium is 
supplemented with small amounts of yeast extract can be either 
of the same magnitude or over and above the enhancement observed by 
adding the required growth factor. In the first case the enhancement 
can be interpreted as caused by the presence of the growth factor in 
the yeast extract. In the Latter, it has been interpreted as being 
caused by the very mixture of amino acids contained in yeast extract 
and it is specific for suppressor mutations. This broth effect has 
so far only been found in E.coli, S.typhiauriva (Witkin, 1956) and 
B.subtilis (Corran, 1968). It has never been shown to occur in 
Saccharoiayces but, on the other hand, its occurrence has not been 
excluded either. Therefore, it seemed of interest to see whether 
yeast supersuppressor, too are specifically enhanced by an amino acid 
pool. 
Strain X1687-16C was treated with UV light under the standard 
conditions. Cells were plated on C-71t supplemented with either 1 pg/mI 
tryptopha.n or 1.5% yeast extract v/v. As control C-TR was used without 
these additions. CAR was also used with and without 1 pg/al 
argininge for comparison. It was not possible to study the recovery of 
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mutants on C-AR supplemented with 1.5% yeast extract v/v since at this 
concentration, individual colonies could not be distinguished from the 
background growth. This was only possible at 03% v/v supplementation 
and this level had no effect on the recovery of mutants. The results, 
shown in table III, allow the following conclusions: 
	
1. 	The addition of 1 1&gJm1 tryptophan to C-fl did not affect 
greatly the yield of revertants. In untreated samples the total number 
of mutants was not altered. Although the frequency of suppressors was 
slightly higher on supplemented medium it may not reflect a real difference 
since the sample tested was not very large. In treated samples there was 
a slight enhancement of the total number of mutants caused by an increase 
in true revertants. The frequency and spectrum of suppressors were 
not altered although two colonies belonging to class I and one colony 
be1oging to class XV were recotdred on this supplemented medium and 
not on C-TR. 
2. 	On C-fl supplemented with yeast extract the total number of 
revertants was enhanced in both treated and untreated samples. This 
enhancement in mutation yield affected suppressors as well as true 
revertants. When compared with the yield of mutants on C-TR without 
supplementation the frequency of spontaneous suppressors increased 8.8 
times and the frequency of spontaneous true revertants increased 4.3 
times while in treated samples suppressors were enhanced by a factor of 
4.5 and true revertants were enhanced by a factor of 5.4. Althouh in 
small numbers, revertants belonging to classes X, XIV, XV, XVI and XVII 
TABLE III: EFFECT OF MEDIAL SUPPLEMENTATION ON THE SPECTRUM OF REVERTANTS 
Total no. revertants/3.5 x 10 cells plated 
Total no. colonies tested 
No. true revertants 
True revertant s/107 survivors 
No. suppressors 
Suppressors/10 7 survivors 
C-TR + 
Spontaneous Treated* Spont ane 
No. Percent No. 	Percent No. 	Perceni 
63 - 1509 	- 65 	- 
63 - 520 - 36 - 
46 73.0 352 	67.7 21 	58.3 
13.2 - 683.3 - 10.9 - 
17 27.0 168 	32.3 15 	41.7 
4.9 - 326.1 - 7.8 - 
Classes Alleles Suppressed 
tr548 





I + + + 	+ + 15 88.2 	21 12.5 15 
+ + + + - 0 - 	 4 2.4 0 
+ + - 	+ - 0 - 	23 13.7 0 
IV + - + 	+ - 0 - 11 6.5 0 
V + - - + - 2 11.8 	98 58.3 
VI + + - 	- - 0 - 	 3 1.8 
VII + - + 	- - 0 - 8 4.8 
VIII + - - - + 0 - 	 0 - 
IX + + + 	- + 0 - 0 - C 
X + - - + + 0 - 	 0 - 0 
XI - + + 	+ + 0 - 0 - 0 
XII - + - + - 0 - 	 0 - 0 
xiii + + - 	+ + 0 - 0 - 0 
XIV + - + + + 0 - 	 0 - 0 
XV + + + 	- - SO - 0 - C 
XVI + + - - + 0 - 	 0 - C 
XVII + - + 	- + 0 - 0 - 0 
XVIII - - + 	+ - 0 - 	 0 - 0 
100.0 
* U.V. treatment gave a survival of 437. 
yptophan C-TR + 1.5% yeast extract C-AR C-AR + 1 	
g/ml arginine 
v/v 
rreated Spontaneous Treated Spontaneous Treated Spontaneous Treated 
. 	Percent No. 	Percent No. 	Percent No. 	Percent No. 	Percent No. 	Percent No. 	Percen 
74 	- 349 	- 7772 	- 17 	- 479 	- 25 	- 3095 	- 
12 - 156 - 520 17 - 364 - 25 - 520 - 
44 	78.2 89 	57.1. 373 	71.7 0 	- 337 	92.6 2 	8.0 400 	76.9 
41.9 - 57.3 - 3729 - - - 296.6 - 0.6 - 1592.5 - 
68 	21.8 67 	42.9 147 	28.3 17 	100.0 27 	7.4 23 	92.0 120 	23.1 
46.1 - 43.1 - 1469.6 - 4.9 - 23.7 - 6.6 - 477.7 - 
7 10.3 63 94.0 18 12.2 17 	100.0 14 51.8 23 	100.0 37 30.8 
4 5.9 2 3.0 10 6.8 0 - 1 3.7 0 - 0 - 
5 7.3 1 1.5 6 4.1 0 	- 4 14.8 0 	- 1 0.8 
7 10.3 1 1.5 9 6.1 0 - 4 14.8 0 - 1 0.8 
30 44.1 0 - 75 51.0 0 	- 4 14.8 0 	- 76 63.3 
1 1.5 0 - 4 2.7 0 - 0 - 0 - 0 - 
Li 16.2 0 - 17 11.6 0 	- 0 - 0 	- 0 - 
0 - • 0 - 0 - 0 - 0 - 0 -. 0 - 
0 - 0 - 0 - 0 	- 0 - 0 
2 2.9 0 - 3 2.0 0 - 0 - 0 	- 0 - 
0 - 0 - 0 - 0 	- 0 - 0 - 0 - 
0 - 0 - 0 - 0 - 0 - 0 	- 2 i.7 
0 - 0 - 0 - 0 	- 0 - 0 - 0 - 
0 - 0 - 1 0.7 0 - 0 - 0 	- 0 - 
1 1.5 0 - 2 1.4 0 	- 0 - 0 - 0 - 
0 - 0 - 1 0.7 0 - 0 - 0 	- 0 - 
0 - 0 - 1 0.7 0 	- 0 - 0 - 0 - 
0 - 0 - 0 - 0 - 0 - 0 	- 3 2.5 
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were recovered on this medium. 
3. 	In contrast to the results obtained on C-fl supplemented with 
1 &gJml tryptophan, arginine supplementation caused a drastic difference 
in treated samples. Not only the number of true revertants increased 
53 times but also the frequency of suppressors was 20.1 times 
higher than on C-AR. Furthermore the spectrum of suppressors recovered 
was modified: while the percentage of the majority of classes decreased, 
class V increased over four fold. Two suppressors belonging to class XII 
and three belonging to class XVIIIwere recovered on this medium. 
This data can now be compared with the findings in bacteria. 
In the two cases studied, the addition of the required growth 
factor did not alter the recovery of spontaneous mutants. The same did 
not happen in treated samples where the results were contrasting. While 
C-AR supplemented with 1 g/al arginine enhanced greatly the yield of both 
induced suppressors and true reversions, C-fl supplemented with 1 ig/al 
tryptophsn had no effect on the yield of mutants. Thus, promotion of 
the synthesis of the revertant enzyme could account for the results 
obtained when C-AR was supplemented with trace quantities of arginine. 
But this cannot apply to cells on tryptophan supplemented C-TR. This 
suggests that tryptophan is not involved in the synthesis of the 
required protein(s) while arginine is. This problem will be 
considered in more detail later (see DISCUSSION). 
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The supplementation of the selective medium with a small amount of 
yeast extract was studied on C-TR. The results show that the frequency of 
both suppressors and true revertants increased in either treated or untreated 
samples. 
In untreated samples the enhancement in mutation frequency could 
have been caused by the occurrence of residual divisions on the plates 
leading to a final population size far larger than those obtained on C-U 
and CAR supplemented with trace quantities of the omitted growth factors. 
Possibly, spontaneous mutants arise on the plates during the multiplication 
of the parental cells. Chopra (1967) has shown that spontaneous tr 4 
revertants, in a tryptophan requiring strain of B.coli, arose on the plates. 
He found that the frequency d the mutants obtained was the same, independent 
of the number of cells inoculated, since residual divisions were allowed 
to occur on the plates, the same was also found by Corran (1969 ) working 
with a histidine requiring strain of 8.subtilis. 
In treated samples of strain X1687-16C, the frequencies of both 
suppressors and true revertants were enhanced to the same extent on yeast 
extract supplemented plates. This enhancement was over and above the one 
obtained on C-U supplemented with tryptophan and resembles the broth 
effect foundM bacteria. However, there is one great difference: it 
is not specific for suppressor mutants. It may be that a mechanism, other 
than the broth effect, in responsible for this enhancement. It is possible 
that, in yeast, the expression of the mutants studied require either the 
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synthesis of some particular molecule(s) that the presence of tryptophan 
by itself does not promote. Alternatively the expression of the mutants 
may require the occurrence of more residual divisions than those 1 pg/mi 
tryptophan can allow. In the present experiment, precise information 
concerning the number of residual divisions was not obtained. However, the 
background growth on plates supplemented with trace quantities of yeast 
extract was far greater than on plates supplemented with trace quantities 
of arginine or tryptophan. 
On the other hand, Witkin (1959) has established in bacteria that 
mutation fixation was finished after one division of DMA. If this applies 
here too mutation fixation should be complete in both cases. 
31. 
B. Class I Suppressors 
The differential action of supersuppressor genes upon the five 
nonsense alleles does not allow a fair evaluation of the role of the five 
plating media on the recovery of suppressors. Class I suppressors were 
selected for this purpose because they suppress the five alleles and, 
therefore, can grow on the five omission media. 
During my work I observed that there is a great variability in 
the recovery of Class I suppressors between plating media. The frequencies 
of Class I suppressors observed in three different experiments, in which 
treated and untreated cells of parent strain were plated on the five 
omission media, are given in table IV. 
From these data it is evident that, although the frequency of 
suppressors on the different media varied between experiments, their 
yield was always higher on C-TI and lower on C-AD. The other three media 
(G-Hi, C-IS and C-AR) yielded intermediate values. This medium effect is 
more pronounced in treated samples although it is also observed in 
spontaneous mutations if the two extremes are compared, i.e. C-fl and C-AD. 
It should be pointed out that the number of induced mutants was very low 
or zero on C-AR in the two first experiments. However, these results are 
exceptional since in other experiments, where C-AR was used, there were 
Intermediate values of induced suppressors for this medium. 
It 	been shown (Gilmore et al. 9 1968) that class I suppressors 
act by inserting tyrosine at the place of the ochre cndons. A priori there 
TABLE IV: PREQU4CY OF CLASS I SUPPRESSORS ON DIFFBR4T PLATING MEDIA 
- 
Class I suppreuora/107 survivors 
Experiment Survival 
No. 	Treatment C-TR C-Hi C-LY C-AR 	C-AD 
Control 100.0 143.5 132.0 140.0 138.4 	101.7 
1 
UV 17.6 428.4* 82.4 74.2 7.7 	0 
Control 100.0 3.1 2.6 2.6 3.6 	2.0 
2 	UV 56.7 10.7 4.6 5.4 0 0.9 
UV 22.4 50.4 13.4 12.9 0 1.7 
Control 100.0 39.0 23.7 25.6 21.2 0 
3 	UV 48.4 204.3 14.7 3.5 11.9 6.6 
* Spontaneous mutants have been deducted in arriving at induced frequencies. 
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is no reason why class I suppressors should be recovered at different rates on 
the five omission media. 
The object of this part of my work is to study the ciauses of 
this apparent medium specific. The striking aspects are the high recovery 
of suppressors obtained on C-TR and the low recovery, or absence, of 
suppressors observed on C-AD. Most experiments to be described here are 
related to the yields of C-U and C-AD. However, before investigating this 
aspect, the induction of suppressors by ultraviolet light was studied. 
1. Are Class I Suppressors Selected by Ultraviolet Irradiation? 
Class I suppressors arise spontaneously with a very high frequency 
(table IV). It was observed that the number of induced suppressors per 10 7  
survivors on C-U plates increased in experiments where the non-treated 
controls gave also rise to high numbers of mutants (table V). Although 
less striking, this is also true for the frequencies of induced class I 
suppressors on C-Hi and C-LY (table IV). 
This finding suggested that suppressors could be more resistant 
to ultraviolet irradiation and that treatment resulted in selection rather 
than in their induction. 
To test this hypothesis two class I suppressors were isolated 
from C.TR plates. One of the suppressors was spontaneous, the other was 
recobered after treatment and thus could be the result of induction. 
TABLE V: INDUCED CLASS I SUPPRESSORS ON C-fl 
Experiment 	Survival 	
7 No. 	 Class I Suppressors/10 survivors Induced Suppressor.** 
1 
2.1 
17.9 	 66.4 	 64.3 
1100 	 3.1 
2 	 56.7 	 13.8 	 10.7 
22.4 	 53.5 	 50.4 
100 	 3.7 
3 	 59 	 39.5 	 35.8 
13 92.0 88.3 
100 3.8 
4 
48.7 635 59.7 
100 4.3 
1 43 40.6 36.3 
100 39 
6 
48.4 243.3 204.3 
100 143.3 
7 17.6 571.9 428.4 
* 100% Survival means no treatment. 
** Spontaneous mutants have been subtracted. 
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The two suppressor strains and the parent attain X1687-16C were treated 
with a series of ultraviolet light doses and plated on YBPD for survival 
counts. 
Figure 1 shows the survival curves of the three strains when the 
number of cells is plotted against time of treatment (seconds). 
For the doses given in the induction experiments (i.e. between 
60% and 18 survivals) the three survival curves do not differ from each 
other. 
It is thus possible to conclude that selection does not appear to 
be the source of the class I suppressors. 
2. Exclusion of hvvothesis accounting for the olatina medium effect. 
a. Do residual divisions occur on C-TR? 	If we assume that residual 
divisions are necessary for the expression of the suppressor mutations, one 
simple explanation for the high recovery of suppressors on C-TR would be a 
high tryptophan pool of the cells which would allow them to undergo a few 
divisions on media supplemented with all metabolites except tryptophan. 
To t e s t this hypothesis, aliquota of a suspension of strain 
X1687-16C were spread with a loop on layers of C-TR, OS and 701, previously pouted 
on slides. The slides were placed under the microscopes and fitted cameras 
were timed to take photographs every hour. After 72 hours theccells on C-Ti 
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bud had been formed (Figure II, a,b,c and d). On the other hand some of 
the cells on CM had already budded after 1 hour and after 8 hours there 
were huge clusters of cells all over the medium (Figure II, e,f,g and h). 
Although this gives no direct information concerning the size 
of the tryptophan pool, it excluded the possibility that the cells could 
divide on C-7R and that this was the cause of the higher frequency of 
suppressors on this medium. 
Although the medium specificity was more pronounced in treated 
samples, for technical reasons the experiment was performed with untreated 
cells. However, it is not likely that after irradiation the cells could 
divide on C-TR since they did not before treatment. 
b. Does growth of background cells deplete media, other than C-TR? 
Corran (1969) has shown that selection against histidine revertants 
in a histidine and threonine requiring strain of B.aubtilia was due to the 
exhaustion of the medial threonine by background growth of non-mutated cells. 
An increase in medial threonine concentration allowed recovery of numbers 
of histidine revertants to a degree comparable with that normally recovered 
from an inoculum of the histidine requiring aonoauxotroph. 
For class I suppressors a possibility is that at the time of 
expression, on omission media other than C-TR, the media could be exhausted 
by the growth of the background cells or by the growth of any true revertants 
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b. Cell. on 01 after 20 h. 
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This hypothesis was tested by using omission media containing five 
time the usual concentrations of metabolites. The media chosen for ti 
experiment were C-AD, because it yielded the lowest frequency of 
suppressors, and C-LY which yielded intermediate frequencies of suppressors. 
Media containing the usual concentrations of metabolites were also used 
as control. Treated and untreated cells of strain X1687-16C were plated 
on these media. 
The results depicted in table VI show that the yield of suppressors 
was not affected by the concentration of metabolites in the media. It may be 
concluded that depletion of the medium is not the cause of low recovery 
of class I suppressors on C-AD and C..LY. 
C. Does the parent strain survive differentially on different 
plating media? 
Stevens and Mylroie (1953) have shown, in Neuroapora crassa, 
that growth of wild type conidia, plated on minimal medium, is strongly 
inhibited by the presence of large numbers of a biochemically deficient 
mutant strain. They tested the survival of the inhibitory mutant by 
plating it on ain4s1 medium and adding the required compound after a 
specified number of days. The same was done with a non-inhibitory mutant. 
They found that whereas the non-inhibitory mutant failed to form colonies 
after two days the inhibitory mutant produced colonies (i.e. remained 
viable) for at least six days. They concluded that, depending on the nature 
TABLE VI: RECOVERY OF CLASS I SUPPRESSORS CH MEDIA (X1NTA IN ING HIGH LEVELS OF METABOLITES 
Medium containing 5 tines the 
Standard 	 usual level of every required Survival 	Medium 	Medium metabolite except the omitted one 
Spontaneous 	100% 	
C-LY 	 38 	 46 
	
CAD 	 30 	 29 
Treated 	 35% 	C-LT 	 19 	 18 
C-AD 1 1 
Figures are total numbers of class I suppressors per 3.5 x 107 cells plated. 
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of the particular mutant employed, the growth inhibition of wild type by 
mutant conidia can result in apparent Mutation rates which are either 
higher or lower than the true values. 
The same argument could be applied to a mutant strain which has 
different viabilities on two different media. If the parent strain 
X1687-16C survived longer on C-AD than on C-fl the suppressor Mutants 
would have a better chance to grow on the later medium, leading to an 
apparent higher Mutation rate. 
It is certainly possible to argue the other way round: a more 
prolonged survival of the parent strain on C-fl allows the mutants more 
time for expression, while a shorter survival of the parent strain on 
C-AD would cause a fraction of the potential mutants to die before they 
had time to be expressed. In this later assumption one has to predict 
delayed expression of the mutants. 
To examine these possibilities, plates of CAD and of C-fl were 
spread with approximately 200 cells of parent strain previously cultured 
on YEPD, harvested, washed and suspended in buffer. As control, aliquots 
of the same suspension were also spread on 01. Immediately, or after 
1,2,3,5,7 and 9 days of incubation, 05 mg of adenine were added to C-AD 
plates and 0.5 mg of tryptophan were added to C-fl plates. One plate 
of each medium was left unsupplemented; this served for ascertaining 
that the suspension did not contain previous mutants. In fact no 
colony was observed on either medium. 
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FIGURE III: Survival of parent strain X1687-16C on 04 (.....), C-TR ( 	) 
and CAD (..—.. .—). 
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In f*gure III the numbers of colonies scored were plotted against 
time at which the supplements were added. The number of cells on C-TR plates 
decreased dramatically from the second day of incubation on, in contrast with 
the number of cells on C-AD which remained the same even after 9 days of 
incubation. 
This rules out the hypothesis that extended parental survival 
is the cause of the higher frequency of suppressors on C-fl or that parental 
death is the reason for the low frequency of suppressors on C-AD. 
It is still possible that extended viability of the parent strain 
on C-AD inhibited the growth of the mutants while restricted viability 
on C-fl favoured their growth. If this is the case, then by plating the 
same number of suppressors on CAD and C-fl, over a background of parental 
cells, one would expect to find a lower number of suppressors on CAD 
plates. Similarly, if suppressors were plated on C-LY, C-Hi and C-AR, 
under the same conditions, the expected number of colonies on these media 
should be intermediate. 
Reconstruction experiment. To test whether the different viability of the part 
strain on the different media could account for the observed suppressor 
frequencies, a reconstruction experiment was performed. Plates of every 
omission medium were spread with aliquots of live and dead parent cells as 
background at concentrations similar to those of the induction experiments. 
The dead cells were obtained by heavy ultraviolet irradiation. Aliquots 
of a suspension containing a mixture of class I suppressors was spread over 
TABLE VIZ: EFFECT OF THE BACKGROUND ON THE GROWTH OF CLASS I SUPPRESSORS 
	
Class I Suppressors plus live 	Class I suppressors plus dead 
























C-fl 247 	98 48 333 116 0 235 87 
C-Hi 237 	85 7 238 87 0 230 95 
C.-LY 261 	94 6 240 84 0 230 93 
C-AR 261 	76 5 278 87 0 260 88 
C-AD 271 	94 0 248 95 0 215 96 
* The 
** No. 
treatment of suppressors gave a survival of 20.3% on 01 
of background cells plated was 2.2 x 10 7 
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the background without or after ultraviolet treatment. As control livie 
and dead background cells were plated alone on every omission medium as well 
as treated and untreated suppre.sosr cells. For cell counts treated and 
untreated suppressors and suitable dilutions of live background cells were 
plated on CM. The results recorded in table VII show that the background 
cells, whether alive or dead, do not affect the growth of established class 
I suppressor mutants. This is true whether the mutants had been irradiated 
or not. 
3. Role Played by Metabolites in the Recovery of Class I Suppressors 
According to the results of the experiments described so far, the 
higher yield of suppressors on C-TR is not due to: 1. residual divisions on 
premature 
C-TR caused by a high pool of tryptophan in the cells; 2. /exhaustion of 
the medial energy sources by background growth, on media other than C-TR; 
3. effect of the background cells on the growth of the suppressors. Neither 
do these results explain why the frequency of suppressors on C-AD should be 
the lowest one. 
Since the five omission media contain all five required metabolites 
except one, the medium effects could be due either to the absence of $ 
given metabolite or to the presence of the other four. To explain the 
frequencies of class I suppressors observed on the five omission media two 
hypotheses can be put forward: 
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1. The presence of tryptophan in the medium is deleterious to the re covery 
of class I suppressors and adenine is necessary; 2. 	With the exception 
of tryptophan, all other metabolites, in particular adenine, are necessary 
for the recovery of class I suppressors. 
In an experiment described elsewhere in this chapter, the recovery 
of mutants, including suppressors and true revertants, was studied on 
supplemented media. Table VIII shows the frequencies of class I suppressors 
obtained in that experiment when C-U was supplemented with 1 pg/al 
t ryptophan. 
Trace quantities of tryptophan, added to CTR, did not change the 
frequencies of class I suppressors obtained on C-U, in both treated and 
untreated samples. This observation leads to the conclusion that tryptophan 
does not inhibit the appearance of Class I suppressors and consequently 
the first hypothesis is ruled out. However, the results do not contradict 
the second hypothesis in which it is predicted that tryptophan plays a neutral 
role in the recovery of these mutants. 
Comparison of 31 selective media. To evaluate the role of each metabolite 
per se and of possible interactions between them in the recovery of Class I 
suppressors, sielectéve media with the 31 possible combinations of 
supplements were made. The 32nd possible combination of supplements 
corresponding to W plus the five metabolites cannot be used because it is 
not selective; non-mutated cells would grow there as well as mutants. 
Cells of strain X1687-16C were prepared in the standard conditions and were 
plated on the various media. Table IX shows the frequencies of class I 
TABLE VIII: RECOVERY OF CLASS I SUPPRESSORS ON C-TR SUPPLIW1TED WITH TRACE QUANTITIES OF TRYPTOPHAN 
Spontaneous 	 Treated* 
I II 	Il/I I II 	 U/I 
C-TR C.-TR + C-TR C.-TR + 
7 1 pg/al try pt 1 Kg/ml try pt - 
Total no. revertants/3 x 10 	cells plated 63 65 	103 1509 2374 	1.57 
Total no. colonies tested 63 36 - 520 312 	 - 
Total no. class I suppressors 15 15 21 7 	 - 
Class I suppressors/107 survivors 4.3 7.8 	1.81 40.8 35.6 	0.87 
S class I suppressors among total flO. 
23.8 41.7 	- 4.0 2.2 	 - colonies treated 
* LW treatment gave a survival of 24% 
TABLE IX: REVERY OF CLASS I SUPPRESSORS ON bSI SUPPLBMENT8D WITH CCW8DrIoI6 
OF TUB 3 INQUIRED MITAICLITES. 
Metabolites 	 Actual $o.of 
added to MM Class I suppressors 	Class I •uoDraasnrlAfl aur4v,i, 
7 Hi LY AR AD Spontaneous II 	2 Treated 
111 
Spontaneous Treated 
iv-izr 3 Induced 
- • • • • 61 184 39.4) 243.3 204.3 + - • . • 37 29 23,7 38.4 14.7 • • - • + 40 22 25.6 29,1 3.3 • • • - • 33 25 21.2 33.1 11.9 + • + + - 0 3 0.0 6.6 6.6 - - + • + 36 27 23.1 33.8 12.7 - • - • + 35 33 22.4 43.7 21.3 - + • - • 31 27 19.9 35.8 15.9 - • • + - 6 2 3.8 2.6 0.0 • - - • • 27 17 17.3 225 3.2 + - • - • 34 26 23.1 34.4 11.3 • - • • - 22 11 14.1 14.6 05 + • - - • 29 24 18.6 31.8 13.2 + • - • - 9 7 3.8 9.3 3.3 • • • - - 2 3 1.3 3.9 2.6 - - - • • 26 24 16.7 31.8 13.1 - - • - • 31 37 19.9 49.0 29.1 - - • • - 34 15 218 19.9 0.0 - • • - - 6 3 
+ 
3.8 6.6 2.8 - • - 224 114 14.1 14.6 0.3 - • - - • 33 3D 21.2 39.7 18.5 • - - • 27 29 17.3 38.4 21.1 • - • - 27 14 17.3 18.3 1.2 • - • - - 21 16 13.5 21.2 7.7. + • - - - 2 4 1.3 5.3 4.0 - - - - + 30 26 19.2 34.4 13.2 - 
- - 
- 
• + - 34 21s 15 21.8 - 19.9 0.0 33 13.3 19.9 6.4 - • - - - 5 a 3.2 2.6 0.0 • - - - - 29 13 18.6 19.9 1.3 - - - - - 44 23 28.2 33.1 4.9 
The number of cells plated in every case was 1.36 z io. 
Treatment gave a survival of 48.4%. 
The frequencies of spontaneous mutants have been subtracted. 
When repeated these values were as low as the ones observed on M • ML (see text). 
S. When repeated this value was not significantly different ff0.. the value observed on MM. 
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suppressors for treated and untreated samples. Although in most cases the 
frequencies per 1O7 survivors were higher after treatment, the response of 
suppressors to the 31 media was proportional in treated and non-treated 
samples. The results obtainedth the five omission media employed in 
routine mutation experiments were in good agreement with the previous 
observations: C-fl yields the highest number of suppressors while C-AD 
yields the lowest. 
A statistical analysis was made to estimate the significance 
of the results. Since the number of suppressors on 04 is not available 
the factorial design and the corresponding analysis of variance could 
not be used. A separate 	test was performed for every metabolite 
and for every possible combination between the metabolites in both 
treated and untreated samples. 114 was taken as the standard of comparison. 
The effect of every metabolite in the recovery of class I suppressors 
was tested in two ways: 
test A: Comparison between MM and MM plus one particular 
metabolite; 
test 8: Comparison between the average value of all the 
media containing the metabolite with the average 
value of all the media lacking it. 
The effects of the combinations of two or more metabolites were tested in 
2 x 2 contingency tables. The value of 	obtained in every case are 
given in an appendix. 
1. 	The estimation of the effect of each metabolite per se shows that: 
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Hiatidine had an inhibitory effect in the recovery of mutants 
in both treated and non-treated samples. This effect is highly 
significant on either test A or test 0. 
The presence of adenine in the medium increased the recovery 
of suppressors after treatment. Although highly significant this 
effect was Only observed when using teat B. Media containing 
histidine were not included in this estimation. 
The other three metabolites did not seem to have any effect 
on the recovery of suppressors although in untreated samples MM + LY 
gave a significantly lower frequency of suppressors than did MM 
(test A). Since no difference was detected by test B, the validity 
of this observation is doubtful. 
The estimation of interactions of two metabolites shows that: 
There are two interactions in both treated and untreated samples: 
one between histidine and adenine (Hi x AD), and another between 
histidine and arginine (Hi x AR). This means that the effect of 
histidine is not independent when adenine or arginine are present 
in the media. 
The estimation of interactions of three metabolites shows that: 
In untreated samples, the triplet lysine, arginine and adenine 
interact when the pair arginine-adenine is compared with lysine [(AR x AD) x A. 
Also, the triplet tryptophan, lysine and adenine interact when the pair trypto-
phan-adenjue is compared with lysine I(TR x AD) x LY}. 	In both 
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cues the presence of the two pairs in the medium containing 
lysine, results in a higher yield of suppressors. 
4. 	The estimation of interactions of four aetabolites shows that z 
In treated samples the triplet histidine-arginine-adenine 
interacts with lysine I (Hi z AR x AD) x U] . The yields 
of the triplet and of lysine are not additive. 
The main tea tures of the picture that eserges from this •xper 4 't 
will now be discussed. 
i. 	The most striking is that the deleterious effect of htstidine 
is relieved by adenine in both treated and untreated samples. 
The interaction (Hi x AD) is very consistent throughout the data. 
Avery medium containing histidine yielded a low number of mutants 
unless adenine was present. The only exception was NK • NI + AR 
which y1ded relatively high numbers of mutants. Nevertheless 
the interaction (Hi * Al) has to be regarded with caution since 
when tryptophan and/or lysios were added to NM . Hi • Al the 
numbers of suppressors obtained were low (table II). Furthermore 
another experiasat was usde, in which the recovery of class I 
suppressors was studied on NM, NM. Hi, NM + AR and NM . Hi • AR. 
This time the frequencies of suppressors observed on M• Ni and 
on *4 • Ni • AR were similar and significantly lever than the 
ones observed on *4 and NM + AR. 
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From the data obtained in previous induction experiments, where 
the five omission media (C-TR, C-Hi, C-LY, C-AR and CAD) were 
routinely used, there was no indication that bistidine should 
inhibit the recovery of class I suppressors, since C-Hi yields 
intermediate number, of mutants and not the highest as would be 
expected. On the other hand, the inhibitory effect of histidins 
relieved by adenine explains the lowest recovery observed on C-AD. 
In this medium the presence of histidine inhibits the recovery of 
mutants. C-TR, C-LY and C-AR contain also histidin, but there, 
the presence of adenine relieves the effect. 
ii. 	In treated samples media containing adenine yielded significantly 
higher numbers of suppressors than media without adenine. Consequently 
adenine plays a role in the expression of induced suppressors. 
Column IV-III in table IX shows the numbers of induced suppressors 
(number of suppressors after treatment minus number of spontaneous 
mutants) for every medium. Most of the highest figures correspond 
to media containing adenine 
In untreated samples MM • LY yielded significantly fewer colonies 
than MM. However, this result does not seem very reliable because 
by using test B no inhibitory effect was found for lysine. Yet, 
after treatment, lysine was not found to have any effect in the 
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yield of suppressors either by using test A or test B. Furthermore, 
in other experiments in which *1 and )04 + LX were used as plating 
media, the recovery of class I suppressors on )14 + LX was not 
different from the one observed on MM. If this is the case, the 
interactions observed in untreated samples [(AR x AD) x 	and 
L" x AD) x 	, could also be due to the'aberrant" low yield of 
jB4 + LY. 
iv. 	The interaction Hi x AR x AD) x LY] detected in treated 
samples shows that C-TR has a "new" effect. In untreated samples 
it was not possible to obtain a valid estimate of interactions 
between the metabolites contained in C-fl as it would be affected 
by the lysine interac tions referred to above. Nevertheless, the 
frequency of spontaneous suppressors on C-fl is also very high. 
To explain the C-fl "effect" vaus hypotheses have been made and 
most of them ruled out by the evidence obtained in the experiments 
performed so far. One, that was not excluded, predicted that 
with the exception of tryptophan, all other metabolites, in 
particular adenine, are necessary for the recovery of class I 
suppressors. Indeed, adenine is necessary for the expression 
of induced suppressors, but spontaneous ones only need adenine 
to relieve the inhibitory effect of histidine. However, no media 
containing adenine yields as many suppressors as C-fl in either 
treated or untreated samples. Furthermore, lysine and arginine 
do not affect the yield of suppressors and histidine inhibits it. 
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Therefore, this hypothesis was also excluded as an explanation for the 
high yield observed on C-TR. 
Since the high yield of suppressors on C-fl was not explained 
by the separate or joint effects of the four metabolites it contains, 
it seems that the high frequencies of suppressors on C-fl are specific 
for this particular aediva. 
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C. Class V Suppressors 
Class V suppressors are those able to suppress the tryptophan and 
arginine alleles of strain X1687-16C. 
In my experiments I observed that suppressors of this class either 
were not recovered on C-AR or their frequency was much lower than on C-TR. 
The class V suppressors are induced by (IV (very few appeared spontaneously) 
but in the dose range used for these experiments the frequency actually declined 
with dose (table X), So also did the proportion of class V suppressors 
obtained on C.uTR to those obtained on C-AR, However, even at the highest 
dose there was a marked preponderance of the former, 
This class of suppressors was studied because of the striking difference 
in their recovery on the two omission media (C.-TR and C-AR) on which they 
should both be able to grow. In addition, the actual number of mutants 
recovered was comparatively high and was thus amenable to a fair evaluation 
which is not the case with most of the observed suppressor classes, the yield 
of which was very poor (tables I, II and III). 
1. Growth of class V suppressors. 
a. Solid Media. 
A simple explanation for the different recovery of class V suppressors 
on C-TR and C-AR could be that these suppressors do not grow well on media 
without arginine. To test this hypothesis, aliquots of suitable dilutions 
of 3 class V suppressors, recovered on C-77t in earlier experiments, were 
plated on ThPD, CM, C-TR and CAR. 
C-TR C-AR 
Total Class V Total Class V 
No.rev- No.col- No.class suppr- No.rev- No.col- No.claaa suppr- Frequency Class V 
Survival 	ertants onies 	V suppr- essors/10 ertants onies 	V suppr- essors/lO suppressors 
scored tested 	easors survivors scored tested 	essors survivors C-fl/C-AR 
43.0 1509 520 98 188.3 479 364 4 3.5 53.8 
24.3 877 468 56 137.7 254 254 3 3.7 37.2 
20.6 372 372 44 80,9 202 202 3 5.5 14.7 
17.9 419 104 8 75.8 142 104 0 0.0 >75. 
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The response of the 3 mutants to the plating media was different. 
One of them grew equally well on all the media. The other two grew 
better on media containing arginine: the number of colonies scored on CAR 
plates was, in the first of these 70% of the number of colonies scored on 
YBPD, CK and C-fl; and, in the second case 10%. However, when YBPD, CH 
and C-TR plates, containing colonies of the two last mutants, were replica 
plated onto C-AR, every colony grew on this medium. 
A poorer growth of dais V suppressors on CAR, as compared to 
C-fl, could have two causes: arginine deficiency in itself or the presence 
of tryptophan which might have an inhibitory effect on the growth of mutants. 
That the presence of tryptophan in the medium does not inhibit the growth of 
the mutants, was shown by pking the two mutant class V suppressors on C-fl, 
C-T&-AR and on this last medium plus increasing amounts of tryptophan. The 
number of clones scored was the same on media lacking arginine and lower than 
on C-fl. Therefore, it seems that tryptophan does not inhibit the growth of 
established class V suppressors. The low number of colonies of these two 
mutants on C-AR, is rather due to the absence of arginine than to the 
presence of tryptophan. 
Unexpectedly, after a few transfers on YEPD the mutants grew 
equally well on all sorts of media. To ascertain whether this response b 
the media was a more general and repeatable feature of class V suppressors, 
due to some uncontrolldd conditions of the experiment, a further set of 
mutants was isolated and the test repeated. Later experiments sing that 
this effect was repeatable are the object of the next section. 
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Test of growth ability of freshly induced mutants on different media. 
To obtain class V suppressors, strain X1687-16C was treated with ultra-
violet light, under the standard conditions, and plated on C-TR and C-AR. 
After 5 days, every plate was scored and replica plated onto the other four 
omission media to isolate Class V suppressor clones. Out of 372 revertant 
colonies scored on C-TR, 44 were class V suppressors, while out of 202 
colonies scored on C-AR only 3 belonged to this class of suppressors. 
To test whether the suppressors differ in growth according to the 
plating media, 3 mutants recovered on CAR (A-suppressors) and 12 out of the 
44 mutants recovered on C-fl (T-suppressors) were submitted to further 
analyses. Figure IV represents diagrammatically the steps involved in 
these analyses. 
The 12 T-suppressors were isolated from the C-AR replicates. This 
served to ascertain that all the picked cells had been able to grow on C-AR 
on 
as well as/C-TR, thus preventing the isolation of mixed populations. Likewise, 
the 3 A-suppressors were isolated from the C-fl replicates. These 15 mutants 
were then diluted and thick suspensions were cultured on YEPD and on C-TR 
AR plates. Table XI shows the growth of the 15 suppressors on these two 
media. All the mutants grew more vigorously on YEPD than on C-fl-AR and 
one, SV-T2, did not grow at all on the last medium. 
One loopful of each of 8 mutants (SV-Al, SV-A2, SV-A3, all of them 
suppressors obtained on C.-AR, and SV-Tl, SV-T3, SV-T4, SV-T9, SV-T1O, all of 
them from C-fl) was then separately taken from both ThPD and C-fl-AR culture 







C-AR. 	 C-TR. 
C-TR. C-HI. C-LY. C,-AD. 	C-HI. C-LY. C-AR. C-AD. 
PD C-TR-AR 	 Y 	C-TR-AR. (table x 
5.PLATED. (table XII) 
0:3 mutants. 	 0:12 mutants. (picked at random). 
FIGURE IV: Diagram showing the steps involved in the growth studies of freshly 
induced class V suppressors. 
TABLE XI: GROVTh OF ThICL S US PENS IONS OF CLASS V SUPPRBSSO ON YEPD 
AND C-TR-.AR 
Culture Medium 
Mutant 	Y.BPD 	 C-TL.AR 
A-suppresso SV-Al 
( Originally recovered SV-A2 + 
on C-AR) SV-A3 +++ + 
T-suppressors SV-Tj 





on C-TR) SV-T3 +++ ++ 
SV-T4 +++ + 
SV-T5 +++ + 
SV-To +++ ++ 
SV-T7 +++ + 
SV-T8 +++ + 
SV-T9 +++ + 
SV-TlO +++ + 
SV-Tjj. +++ 
SV-T12 +++ + 
indicates confluent growth 
	
++ 	indicate, growth but less than confluent 
+ indicate, a few colonies 
- 	indicates no growth 
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Table III shows the number of colonies of every mutant scored on the different 
media. The culture medium prior to plating, is also indicated. These results 
lead to the following observations: 
Most mutants grow better on YEPD than on C-TR-AR and some do not grow 
at all on the last medium, even when the cells had been cultured prior to 
plating, on C-TR-AR. 
The comparison between the number of colonies scored on C-U and on C-AR 
(columns II and 111) shows that A-suppressors grow better on CAR than on C-fl, 
with the exception of mutant SY-Al when the culturing medium prior to plating 
was C-TR-AR. On the other hand, without exception, T-suppressors grow better 
on C-fl than on C-AR. 
A-suppressors showed the sane influence of the culture medium prior 
to plating. Where the cells had been previously cultured on YBPD, the 
ratio I/Il' ('ñwabei colonies on C-TR-AR) and the ratio III/II (number of 
colonies on C-AR over number of colonies on C-fl), were higher than when 
the cells had been previously cultured on C-TR..AR. 
T-suppressors were not influenced by the culture medium prior to 
plating. Mutants SV-Tl, SV-T9 and SV-TlO have the same ratios lilY and II/III 
whatever the previous culture medium was, while mutants SV-T3 and SV-T4 
responded in opposite directions. 
Confirmation of the suppression of the arginine and tryptophan alleles: 
As check on the nature of the clones, YBPD, C-fl and C-AR plates were replica 
plated onto C-AR-U where all colonies were able to grow. Also, to confirm 
the suppression of the tr and ar alleles, two mutants (SV-A3 and SV-T9) 
were crossed with a known histidine-serine requiring strain. Ascospores from 
SV Al 	
YEPD 641 157 656 219 2.9 4,2 
- 
C-TR-AR 173 186 149 176 0.98 0.8 
SV-A2 	
YEPD 505 1 290 0 505 290.0 
C-TR-AR 318 121 344 127 2.5 2.8 












Mutant Prior to 	I 	II 	III 	IV 
Strain Plating YRPD C-fl C-AR C-fl-AR 	lily III/Ii Il/Ill 
T-euppre a sore 
(orialnall v 
SV-T1 	
YEPD 	634 	648 	0 	0 >- 634 	 '— - 	648 
C-fl-AR 148 90 0 0 '> 148 90 
Sv- 	
Y.EPD 	526 	536 	82 	82 	6.4 -- 	 6.5 - T3 
19 1. 	 .3 35 
recovered on 	SV-T4 	
YEPD 476 419 36 59 8.1 11.6 
C-fl) 	 C-TR-AR 142 106 2 10 14.2 53.0 
SV-T9 	
YEPD 552 884 603 646 0.85 1.5 
C-TR-AR 257 225 147 136 1.9 15 
SV-T10 	
YEPD 185 126 0 0 - 185 126 
C-TR-AR 630 599 0 0 - 630 599 
The figures mean actual number of colonies per 3 plates. 
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from this cross were plated on NK • TR + AR, thus eliminating hi ser 
segregants. The results of the random spore colony analysis showed that 
a suppressor gene(s) was present in the strains SV-A3 and SV-T9. In fact, 
together with large numbers of prototrophic clones (50*1 of them could be 
diploids), 115 ar and 124 tr segregants were obtained in the case of the 
cross involving the A-suppressor; and 26 ar and 27 tr segregants were 
obtained in the cross involving the T-suppressor. 
The similar number of ar and tr segregants in both crosses suggest 
that the suppressor(s) is not linked to any of the mutant genes. 
The growth studies reported in this section have shown that: 15 class 
V suppressors have higher viability on TBPD than on C-fl-AR; 5 T-suppressors 
grow better on C-fl than on C-AR while 3 A-suppressors grow better on C-AR 
than on C-TR. One exception was SV..A1 mutant which exhibited the some 
number of colonies on the four plating media when it had been previously 
cultured on C-7R.AR. Genetic crosses have shown that class V suppressor 
strains SV-A3 and SV-T9 still bear arginine and tryptophan mutant alleles 
thus provided evidence for suppression of these two strains. 
b. Liquid Media 
The difference in viability on solid media, which ha been reported 
in the previous section, might have been caused by a delay in growth on 
some of the media. To examine this possibility the growth curves of two 
mutants were followed in liquid media. The mutants studied were SV-A3 and 
SV-T9. 
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One colony of each mutant was picked on C-TR.AR plates (step 4 of 
Figure IV) to initiate fresh cultures on C-.1l-AR plates. In each case a 
loopful of a SO h-old culture was suspended in buffer and diluted to a 
concentration of 5 x lO cells per ml. One ml. of these suspensions were 
poured into each four flasks containing 100 ..1 of each of the following 
liquid media: 01, C-TR, C-AR and C-fl-AR. The final concentration was in 
every case, 5 x lO cells per mi. The cultures were incubated at 30 °C and 
were shaken all the time. 
Samples of these eight cultures were taken at regular intervals and 
plated on YBPD for viability counts. Simultaneously direct cell counts 
were also made. 
To ascertain that the colonies scored on the YBPD plates were in fact 
class V suppressors and not the result of a selection process favouring 
spontaneous mutations that might have occurred in the course of the experiment, 
replica plates were made onto CTR-AR, where all the colonies were able 
to grow. Furthermore, their inability to grow on C-Hi, C-LY and C-AD, when 
replica plated onto these media, ruled out the hypothesis that new mutants 
were included among the colonies scored. 
Figures V A and B represent the growth curves of mutants SV-A3 
and SV-T9, respectively, in the four liquid media. In agreement with the 
observations on solid media, the A-suppressor grows equally well in C-AR 
as in 01. Similarly, the growth curves of the T-suppressor in 04 and in 
C-TR overlap. On the other hand, the curves in C-AR and in C-fl, respectively 
of the T-suppressor and of the A-suppressor, follow closely the growth 
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FIGURE V B: Growth curves of class V suppressor SV-T9 in liquid media (aeviously cultured on C-TR-AR). 
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longer lag time than in CM and they reach the stationary phase 24-48 hours 
later. 
The growth curves of these two mutants were also studied when they had 
been Cultured on YEPD previously to testing (Figure VI , A and B). The 
general patterns of growth were similar to those observed where the mutants 
had been cultured on C-TR-AR. Nevertheless, the difference between the 
growth curves of the A-suppressor on C.TR and C-AR was still greater when 
the Mutant had been cultured on YEPD plates (Figure VI , A) than when it had 
been cultured on C-TR..AR (Figure V , A). This observation is in agreement 
with the results on solid media given in table XII for this Mutant. There, 
the ratios l/lY and III/II were higher when the Suppressor had been previously 
cultured on YEPD plates than where the culture had been on C-TR-AR plates. 
At the same time, the ratios l/lY and Il/Ill for the T-suppressor were 
similar whether the cultures had been made on YBPD or on C-TR..AR, and this is 
in agreement with the observations in the liquid media. 
The results suggest that there are two Main types of class V suppressor 
genes: one, more frequent, that suppresses more efficiently the tryptophan 
allele and thus, occurs on C-TR where it grows better (T-suppressors); and, 
another, less frequent, that suppresses the arginine allele more efficiently 
and thus occurs on CAR where it grows better (A-suppressors). 
FIGURE VI At Growth curves of class V suppressor SV-A3 in liquid 
media (previously cultured on YEPD). 
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FIGURE VI B: Growth curves of class V suppressor SV-T9 in 1iquiddja (previously cultured on YBPD). 
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Co Influence of the background cells in the growth of SV-A3 and SV-T9 mutants. 
The conditions of the experiments described so far are different from 
those of the induction experiments where a heavy background of dying non-mutated 
cells exists. An imitation of these conditions was attempted by plating aliquots 
of suitable dilutions of mutants SV-A3 and SV-T9 (previously cultured on YBPD) 
and a background of dead and live cells of strain X1687-16C. The plating 
media were CAR and -TR and Ot for survival counts. On C-TR only 
experiments with dead background cells were carried out because the high 
rate of Spontaneous tryptophari revertants, observed in earlier experiments, 
some of them feeders, would have biassed the results. To obtain the dead 
cells, a suspension of 4.5 z 1O7 cells per ml of strain X1687-16C was 
heavily irradiated by ultraviolet light. The results are presented in 
Table XIII. Unfortunately, the specific inhibition of colonies of mutant 
SV-T9 on C-AR plates and of mutant SV-A3 on C-TR plates, observed in 
table XII, had disappeared as shown in table XIII. This observation is 
particularly striking for strain SV-A3 whose ratio III/11 (number of 
colonies on C-AR over number of colonies on C-TR), given in table XII, was 
564. It can be seen from the first column in table XIII that the same 
ratio is now approximately L. This finding confirms the loss of plating 
media effect observed in earlier experiments with two T-suppressor mutants. 
It suggests that the newly mutated cells take a few generations to become 
adapted to deficient substrates other than the omission medium on which 
they were selected. 
TABLE XIII: RECONSTRUCTION EXPERIMENT. EFFECT OF THE BACXGROUND CELLS ON THE GRONTH OF CLASS V 
SUPPRESSORS 
Mutant 






Plating 	essor 	essor 	ground cells 	ground calls 	plus live 
Medium SV-A3 	SV-T9 4.5 	107/al 4.5 
plus dead plus live 
SV-T9 
plus dead x x 10 1.1 	background background background background 
C-AR 	179.0 97,7 	0.67 	 0 	190.0 	190.0 	91.7 	102.7 
C-fl 	185.0 110.0 	- 	 - 	180.5 	- 	99.0 
Figures mean average number of colonies per plate. 
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Even so, the data of table XIII show that the viability of the 
mutants on CAR and on C-fl is not affected by a background of dead cells. 
On C-AR plates it is also not affected by a background of live cells. It 
seems improbable that the presence of a background of dead cells would have 
changed the results given in the previous sections. 
2. An attempt to analyse the promoting action of C-fl on the recovery of 
class V suppressors. 
The higher frequency of induced class V suppressors observed on C-fl 
leads to the question whether there is a critical period at which C-fl is 
necessary for obtaining a high frequency of mutants. An experiment was 
designed to answer this question. 
Cells of strain X1687-16C were irradiated with ultraviolet light and 
plated over membranes on 5 sets of C-AR plates and on 5 sets of C-fl plates. 
Untreated cells were also plated as control. The cells plated on four sets 
of C-fl plates were transferred onto C-AR plates after 0,12, 24 and 36 hours. 
The same procedure was used for cells originally plated on C-AR and 
transferred onto C-fl. One set of plates of each medium was used as 
control; the cells on these plates were not transferred. The results are 
recorded in table XIV. 
I. Controls. C..TR and C-AR plates, whose cells were not transferred, 
showed the same features observed in earlier experiment.: the total number of 
mutants was higher on C-fl than on C-AR; class V suppressors did not occur 
spontaneously; • and after induction these suppressors were recovered on C-fl 
and not on C.AR. 
- i 	r.'ji jw., ,itii 	yr k, -1X Un AnX itisvisici or CLAi V SUPPRSORS. 
C-fl 	----->C-R 	 C-AR 
Controls 	transferred at Controls 	transferred at 
MEDIA 	 C-AR 0 h 12 b 24 ii 36 h 	C-TR 	0 h 12 11 24 h 36 h 
Total no.of 
mutant 




per 0 0 0 0 0 3.4 2.5 0.6 2.4 
107survivors 
of Class V 
suppressors 









per lO 0 0 103 19.4 12.7 75.8 72.6 165.8 111.3 115.6 
1urvivors 
%of class V 
M suppressors 
among 0 0 3. 8 7.7 4.8 7.7 3.8 7.7 6.7 13.5 
revertants 
Strain X1697-16C was plated over membranes on C-fl and on C-AR and transferred onto C-AR 
and C-fl at different intervals. 
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C-TI--- C-AR: When the cells were plated on C-TR and then 
transferred onto C-AR there was no change for the spontaneous mutations. 
The frequency of the total nueber of revertants did not increase and Class V 
suppressors were not recovered. 
In treated sanpies the frequency of the total number of revertants 
did not change significantly but class V suppressors were recovered among the 
cells that stayed on C-TI 12 h. or longer. However, the frequency of 
suppressors per 1O7 survivors did not reach the frequency observed in the C-TR 
control. 
C-AR--*'C-TR: When untreated cells were plated on C-AR and 
transferred onto C..TR a great increase was observed in the frequency of the 
total number of mutants. This increase had its maximum when the cells 
were transferred immediately after plating. After transfer class V 
suppressors were also recovered at low frequencies, although they were 
not obtained in the C-TR control. After induction there is a slight 
increase in the mutation frequency which is accompanied by an increase in 
frequency of class V suppressors. The maximum frequencies were observed 
where the cells were transferred after 12 h. 
The frequency of class V suppressors on C-AR never reached that 
observed on C-TR control, although after 12 h. on C-fl they were obtained. 
This is probably a consequence of the slow growth of the majority of these 
mutants on C-AR. If they are plated on C-TI and stay there all the tine 
they have as much arginine available as they need. More difficult to 
understand is the observation that the frequency of total spontaneous mutants 
56 
Increases ten times when the cells were plated on C-AR and transferred 
immediately onto C-TR. Such a short ti me on the first medium cannot have 
* direct effect on the cells. It is not likely that the tryptophan contained 
in C--AR can account for this effect. it was seen that on 
C-TI supplemented  
with 
1 g/zal tryptophan the frequency of mutants did not increase (table III) 
and it was concluded that tryptophan did not enhance their recovery. 
Survival 
counts were made on CU. Part of the cells were plated over 
membranes and part were plated directly on  the medium surface, it was 
noticed that the survival was lower if the cells were plated on the membranes. 
It was seen earlier that cells of the parent strain survived much longer on 
C-AD than on C-TI. This difference in survival on the two media was not 
responsible for the yield of mutants, probably because the fall, on C-TI 
was 
only observed after two days incubation and at that time the mutants are 
probably expressed. it is possible that the interference of the membranes 
abbreviates the survival period of the cells. If this is the case, a fraction 
of the potential revertants could die before they had time to become expressed. 
Therefore, the increase in revertants observed on C-TI after transfer 
from 
C-AR would be due to trace quantities of tryptop1an (although very small) 
Contained in C-AR. The difference in mutation frequency, Observed between 
C-fl control and C-TI after transfer from C-AR, would be rather a consequence 
Of a lower survival on the control plates than a consequence of promotion of 
extra mutation expression after transfer. 
This hypothesis was 
tested. Untreated cells of strain X168719C, 
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cultured under the standard conditions, were plated on C-Ta over membranes, 
0.3 ag of tryptophan were added immediately after plating or after 12 11 
24 h and 36 1*. It was found that after 12 1* 20% of the cells had died; 
after 24 h the killing was of 39% and after 36 h of 50%. It is, thus 
possible that this low survival, occurring already after 12 h incubation, 
can account for a low number of mutants observed on C-Ti control. 
The fact that spontaneous class V suppressors occurred on C-Ti, 
after transfer from C-AR, and did not occur on C-Ti control may be 
explained in the same way. Indeed, it has been shown that these 
suppressors are occasionally recovered at low frequencies on C-Ti in 
experiments where membranes were not used. 
The results of table XIV suggest that the promoting action of 
C-Ti on the recovery of class V suppressors affects late steps in the 
mutational pathway. 
3. Effect of njedi*l supplementation on the induction of suppressors. 
The effect of medial supplementation on the general frequency of 
suppressors has been described earlier. In the experiment, the results of 
which were recorded in table III, C-Ta was supplemented either with 1 &g/al 
tryptophan or with 1.5% yeast extract v/v and C-AR was supplemented with 1 Ag/cl 
arginine. Spontaneous class V suppressors were not recovered on any of 
the supplemented media, but after induction, large numbers were obtained. 
The frequency of induced Class V suppressors was only altered by adding 
yeast extract to C-TR; addition of tryptophan did not have any effect. In 
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contrast, on C-AR supplemented with 1 Wal arginine the frequency of class V 
suppressors was greatly enzanced. 
Broth effect, as described in bacteria, is a comparison between the 
yield of mutants on minimal medium supplemented with trace quantities of the 
required growth factor and the yield of mutants on the same medium supplemented 
with small amounts of an amino acid pool. When looking at the whole 
spectrum of revertants a minimal medium could not be used. However, 
conf I ning this study to one class of suppressors, their recovery on suppented 
minimal medium can be attemptecLAs C-TR-AR is the minimal medium on which 
class V suppressors can grow, it was supplemented with either 1 ig/ml of 
each tryptophan and arginine or 1.5% yeast extract v/v. The results are 
depicted in table XV. 
In untreated samples, class V suppressors were only obtained on yeast 
extract supplemented medium. The total number of mutants was not altered 
by supplying the two growth factors, but increased 19.9 times when yeast 
extract was added to the medium. It should be noted that, on this medium 
revertant clones are almost wholly composed of different classes of 
suppressors able to suppress, at least, the tryptophan and arginine 
alleles. 
Induced class V suppressors increased 590.2 time on medium 
supplemented with trace quantities of the two growth factors and 997.5 
times on medium supplemented with trace quantities of yeast extract. The 
TABLE XV: RBWVBRY OF CLASS V SUPPRSORS 014 SUPPLEMENTED C-fl-AR. 
Spontaneous 	 Treated* 
plus lLgfsl plus 1.5% plus 1.*g/al plus 1.5% 
without of each yeast without of 	each yeast 
supple- trypt.and extract supple- trypt.and extract 
iaentation argin. v/V It/I 	Ill/I .entation argin. v/v 	V/IV 	VI/IV 
Total no.revertants/ 
3 x lO 	cells plated 17 29 338 1.7 	19.9 	31 1770 3309 	57.1 	106.7 
Total no.colonies tested 14 26 255 - 	 - 	 31 512 520 	- 	- 
Among them, no.Claas V 
Suppressors 0 0 44 - 	 - 	 1 171 157 	- 	- 
Class V suppressors/ 
107  survivors 0 0 16.8 - 	 - 	 0.7 395.4 668.3 	590.2 997.5 
S Class V suppressors 
among total no.colonies 0 0 17.2 - 	 - 	 3.2 33.4 302 	- 	 - 
tested 
* U.V. treatment gave a survival of 24%. 
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total number of induced mutants responded to supplementation in the same way: 
the enhancement on yeast extract supplemented medium was double of the 
enhancement observed on sodium supplemented with the two growth factors. 
To compare these results with the ones obtained in the earlier 
experiment, where supplemented C-TR and C-AR were used, the relative 
effects of supplementation on the recovery of class V suppressors are 
indicated in the following table for every case: 
substances added to 	C-Tit 	 C-AR 	 C-TR..AR 
the medium in trace 
quantities 
	
Sp. 	Ind 	Sp. 	Ind. 	Sp. 	Ind. 
growth factors 	 = 	= 
amino acid pool not tested 	>' 
Spontaneous class V suppressors only occurred on yeast extract 
supplemented C-TR..AR. On the assumption that spontaneous suppressors arise 
on the plates, a larger number of residual divleions on these plates than on 
plates supplemented with the growth factors could explain the fact. However, 
these suppressors were not recovered on yeast extract supplemented C-TR. 
As on C-TR there are more classes of revertants than on C-TR-AR, it is 
possible that they grow faster than class V suppressors and thus selection 
occurs against them. In treated samples, the results obtained on supplemented 
C..TR..AR seems to confirm the previous results obtained on supplemented C-71L 
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and C-AR. Trace quantities of arginine enhance the recovery of suppressors 
and trace quantities of yeast extract give it a further enhancement. 
The striking difference in response to tryptophan and arginine supplemented 
C-TR and C-AR, respectively, may be interpreted as follows: T-auppreasors, 
those class V suppressors suppressing better the tryptop&isn allele, are such 
more frequent than A-suppressors which suppress better the arginine allele. 
If T-suppressors are not efficient in suppressing the arginine allele, thus, 
by adding 1 p.gJal arginine to C-AR, ft is possible to recover T-suppressors 
on this medium. By the same argument, on C.TR-AR supplemented with 1 pg/al 
of each tryptophan and argintne,both T-suppressors and A-suppressors are 
recovered. 
Addition of an amino acid pool to C-Tk-AR yielded twice U such 
the number of class V suppressors observed on plates supplemented with 
the growth factors, which is similar to the effect obtained in E.coli 
by Clarke (1967b). Nevertheless, it seems a weak increase when compared 
with the great enhancement caused by the addition of trace quantities of 
tryptophan and arginine alone. 
The existence of a broth effect is suggested but the available data 
does not provide evidence that it exists. Thus, the general question of 
a broth effect in Saccharoayces remains open. 
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II. 	FORWARD. MUTATIONS 
The study of the spectrum of forward mutations La a non-selective 
system p0..$ the pr.biem of the enornous aver of clones to be tested since 
mutants are always $ email fraction song survivors. Before studying the 
effects of anemic condition is the spectrum of mutations, $ selective 
staining technique was tested. 
A. Msa4aJ.s $.4Tecbje to Detect Ausotropha 
The first pact of this work represents an attempt to use the 
*agdsla red tehnLqus to determine the spectrum of forward autatLens under 
oatc versue sonic conditions. 
It has been shown (Horn and Wilkie, 1966) that An the presence 
of Nagdala red in the medium auzotrephtc and respiratory deficient (*D) clos 
stain an intense red while prototrophic and respiratory sufficient (U) cLoses 
remain pale pink. Before the technique was employed sone experiments were 
performed ts, determine its efficiency. 
Two aumot ropkic strains cast sLniag knows markers (one requiring 
tryptopham and another requiring both his tidins and serine for growth) were 
plated on NL-(X. After 3 days of Incubation at 30C the p*es were Scored. 
WI out eacoptien aU c.l.nies of the double requiring strain bad stained 
de 1y rod. C* the jf plates 19 out of 1029 colonies were pink. However, 
U i sovre of error can be avoided by extending the time of incubation. 
JU ar $..10 days all this colonies had become rod. The late appearance of the 
dye In the clones might be samishm related to the fast that 1$ out of the 19 
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pink colonies were RD. However, this is not always the case since other RD 
auxotropha were found that stained red quickly. 
The prototrophic strain 188 was also tested. All colonies 
remained pink with the exception of 38 which stained deep red. 33 out of 
the 38 red colonies were RD. The other 3 were RS and could grow on SM 
which excluded the possibility of their being spontaneous auxotrophic 
mutants. This source of error is not important since it does not lead to 
loss of suspected mutants. 
An experiment was performed to test the efficiency of the 
technique on newly induced a*ncotrophs by two memo: 1. to find out if some 
induced auxotrophs fail to stain red; 2. to find out if the Magdsla red 
dye is selective for, or agèst, some class" of auxotropha. 
After UV irradiation the cells were plated in two types of plates: 
some containing Magdala red medium (MR-CON) and some containing medium 
without the dye (CON). After 10 days of incubation samples of colonies were 
isolated from both kinds of plates and tested for their ability to grow on 
SM. The auxotropas isolated were later tested for respiratory deficiency. 
The results obtained are shown in Table xvi. 
From 1355 pink colonies isolated from the Msgdsla red plates 
on ' one was found to be auxotropti. Apparently the source of error caused by 
au trophs that fail to stain red is very small since only 0.07% of the 
p1 k colonies were mutants. Furthermore the auxotroph found among the pink 
cc onies was a lysine requirer. Other lysine requirers were found which do 
TABLE XVI: SPECTRA OF MUTANTS ISOLATED EITHER USING THE MAGDALA RED TECHNI(4UBS OR THE CIPLETE ISOLATION 
TEQNIQUE 
% of Requirements 
RD among 
No. of NO - Of 7. of isolated 
PLATING Colony colonies auxo- aux o- auxo- multiple 
MEDIUM Colour treated tropha troph trophs LYS MG HIS MET LRU TRY AD 
AS 
UR GLY SER ACID 
require-
LEAKY 	sent 
Without - 2381 27 1.13 40.7 RE 1 3 1 	6 2 3 
Magdala 
red RD 1 	2 1 1 3 	1 2 
red 783 44 5.6 61.4 
RS 1 31 142 4 	1 
With 
Kagdala RD 22 1 .5 11 1 	1 	1 12 red 
pink 1355 1 0.07 - RE 1 
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stain red thus eliminating the possibility that as a class lysine auxotrophs 
fail, to respond to the dye. The result of the analysis of the red colonies 
provides evidence that nearly all types of U.V. induced auxotrophs are able 
to take up the dye and stain red. Although the number of mutants obtained 
on OOK was not very high it seems possible to conclude that: 
The spectrum of mutants obtained is not different when Magdsla 
red is used to detect them. 
The use of Magdala red is more efficient than the complete isolation 
technique. This efficiency was particularly high for the detection of leaky 
mutants. 
As RD mutants are induced by UV irradiation with a very high frequency 
an attempt was made to eliminate them by conducting the test on glycerol 
medium containing the dye. Petites are unable to grow under these 
circumstances. Unfortunately the colony colour is not correlated with 
auxotrophy on this medium and the method had to be abandoned. 
Replica plating techniques were also tried. In the course of 
this work it had been found that the higher prcentage of auxotrophs arose 
between the second and sixth day q therefore it was desirable to test cells 
after six days incubation. At six days incubation, however, there is a 
great variety in size of colonies which did not make possible the use of 
replica plating technique. 
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B. The mutation spectra obtained under anoxic and oxic conditions 
Mutations were induced in cells grown up oxically or anoxically on 
PDA under the standard conditions. After treatment the populations were 
plated and the plates subdivided to be incubated at 300C under oxic or 
anoxic conditions. 
The plates incubated in anoxic conditions did not exhibit any 
red colonies. However, if after ( days in the anaerobic jars they were 
left in the air for 3 days, some colonies stained red. 
All red colonies were analysed for auxotrophy. The auxotrophs 
found were then tested for respiratory deficiency. The results are shown 
in table)VU. Although the small numbers of mutants found do not permit 
firm conclusions there is no suggestion that the spectrum of UV.. 
induced auxotropha differs depending upon the cells were in anoxic conditions 
before or after treatment. If the results of tableXVI obtained under total 
oxic conditions, are compared with the results of tab leXVJjwhere the cells 
were kept in anoxic conditions, the spectra of mutations are very similar. 
A possible exception has to be made fr the RD mutants. The percentage of 
auxotrophs that are petitea is higher under anoxia than under oxia. 
Because of the lack of any indication of an effect and the 
laborious nature of the test this line of investigation will not be 
pursued. 
TABLE XVII: SPECTRA OF MUWiTS UNDER OXIC AND ANOXIC CONDITIONS 
R3UIRBtBNTS 
Total 
No.col- Total 	% of 
CULT- 	 oniee No. auxo- awco- 
URING PLATING tested tropha trophs 
GLU 	 Multiple 
LYS ARG HIS MET LEU TRY ADE UR.A GLY ACID Vii' Requirement 
OXLA 	167 	12 	72 	RS 	1 	1 
Ow 	
RD 1 	1 1 	2 	 5 
- 
RS 
ANOXIA 	236 	12 	5.1 
RD 	1 2 2 	2 	1 	 1 	 3 
IA 	288 	9 	3.1 	
RS 	1 	 1 
ANOXIA 	 RD 	1 2 1 	2 1 
RS 	 2 
ANOXIA 	823 	34 	4.1 
RD 	8 4 	5 1 1 1 1 	11 	 9 
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DISCUSSION 
As set out in the Introduction, the present work is concerned 
with evaluating the role of ancillary factors in the production of forward 
and suppressor mutations of S.cerevi.iae. 
The main aim of the study of yeast supersuppressors was to arrive 
at an understanding of the plating medium effect observed by Gilmore 
(1966) in the recovery of these mutants of strain 11687-16C. 
In the course of the present work Gilmore's observations were 
confirmed: 
C-TR yields a larger number and a greater variety of classes of 
suppressors than any other omission medium; 
Although Gilmore reported a total absence of suppressors on C-AD, 
a few mutants were recovered on this medium in some experiments reported here. 
Nevertheless, there is an essential agreement: C-AD exhibits the lowest 
yield of suppressors observed on any of the five omission media. 
A series of experiments were conducted to test some of the hypotheses 
which could explain these effects. The study of class I suppressors was 
particularly useful for this purpose because these mutants act upon the 
five nonsense alleles. Analysis of the recovery of spontaneous and 
induced class I suppressors on 31 different selective media, containing 
all the possible combinations of the five metabolites required by the strain 
allowed the conclusion that histidine inhibits the recovery of suppresors 
and adenine relieves this effect. 
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Based on a statistical analysis, it is possible to classify the 
31 media, according to the yield of suppressors, as follows: 
Standard wdia,, which comprise all omission media with the 
exception of 
C-fl, which yields a higher number of suppressors than the 
"standard" media, and 
C* 	 media containing histidine, in the absence of adenine, which 
yield a lower number of suppressors than the "standard" media. 
Media classified as "standard" can still be subdivided into two 
categories in regard to the yield of induced suppressors: L. those containing 
adenine increase the recovery of induced suppressors whether or not histidine 
is present; U. those without adenine, even if histidine is absent, yield 
a lower number of induced suppressors. 
The demonstration of an inhibition caused by histtdine and relieved 
by adenine can explain most of the plating medium yields. 
An interaction between histidine and adenine has already been 
reported in yeast. Meuris et al. (1967) isolated a mutant able to grow 
on minimal medium but not on medium supplemented with histidine. However, 
the mutant resumed growth if adenine was added to the histidine-supplemented 
minimal medium. Luzzati •t al. (1959) studied a diploid mutant strain of 
S.cerevisiae, homozygotic at the 543 locus, and requiring both adenine and 
histidine for growth. This strain gives rise to high numbers of prototrophic 
clones by gene conversion when plated on minimal medium. Nevertheless, if 
histidtne was added to the medium, the recovery of the prototrophic clones 
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was inhibited. By the addition of adenine to the histidine supplemented 
minimal medium, this inhibition was relieved. He also found that the 
inhibitory effect was specific for L-h.Lstidine. Histidine analogues were 
tested but they did not show the same effect. 
Since the suppression of nonsense mutants involves an altered tRNA 
(Capecchi and Guasin, 1965), synthesis of newly mutated tRXA, and therefore 
of purines and pyrimidines, are presumably required before the suppression 
can take place. 
Yeasts are known to possess large intracellular pools and may,  
under some circumstances, accumulate exogenous amino acids up to 
1000-fold the utilized external concentration (&irdin et al., 1965). Wehr 
and Parks (1969) studied the synthesis of macromolecules in a strain of 
S.cerevisiae requiring methionine, tryptophan, adenine and uracil for 
growth. After a shift-down from broth medium to a minimal defined medium, 
containing uracil and adenine, increase in RNA and protein remained at 
the preshift rate before assuming a lower rate, which may represent 
exhaustion of such intracellular pools. However, during starvation for 
uracil and adenine, cell mass and lilA showed little increase. It thus seems 
that in strain X1687-I6C, the limiting factor is adenine since the uracil 
synthetic pathway is not blocked. 
A model, based on the known metabolic pathways of adenine and 
bistidine, may be proposed to account for the observed data. 
6&. 
Figure VII shows the relation between the pathways of adenine 
and histidine as well as the positions of the two mutant loci of strain 
X1687-16C. Even in the presence of the block in the adenine pathway, the 
flux from R-Ribulosylformimino 5-NH2-imidazole-carboxazide-PP can supply 
AICAR and hence the next steps in the adenine pathway. However, histidine 
inhibits the first enzyme in the histidine pathway, phosphoribosyl-ATP -
pyrophosphorylase, by a feedback mechanism (Pink, 1964). Addition of 
histidine, therefore, results in cessation of AICAR production and 
hence of adenine and RNA synthesis. Addition of adenine to the medium 
re-establishes RNA synthesis. The suppression of nonsense mutants is 
probably a threshold process. The endogenous pool of the cells is 
presumably enough to allow the synthesis of the required minimal quantity 
of mutated tRNA on MM (Surdin et al 1963; Wehr and Parks, 1969). Once 
units of complete protein, resulting from the insertion of an amino acid at 
the site of the nonsense codon, start to be produced, and therefore the 
wino acid pool increases, the normal metabolism of the cell is restored add 
more mutated tRNA is synthesized. The addition of metabolites other 
than histidine, to 114 does not upset this process. 
Although the model is based upon data referring to class I 
suppressors, the same mechanism most also operate in cells bearing other 
classes of suppressors able to suppress the adenine allele. 
This addel can account for the interaction between adenine and 
histidine in determining the numbers of spontaneous suppressors obtained 
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although, in this case, a possible disturbance of the metabolism of the 
cells, caused by U.V. irradiation, must be compensated for an exogenous 
supply of adenine unnecessary for untreated cells. In Pseudomonas effuaa, 
the synthesis of RNA has been found (Atsuti and Okajima, 1968) to be sensitive 
to UV irradiation. The authors observed that tRNA is much more inhibited 
under deficient than under enriched condition. 
In general, the model predicts that, in adenine-requiring strains 
without a requirement for histidine, suppressors will be recovered at 
such the same rate on bt as on C-AD provided gratuitous his tidine is not 
added to the last medium and the adenine pathway is not blocked after the 
production of AICAR. Another prediction is that, in a strain blocked 
in the adenine pathway even before the production of AICAR but bearing a 
mutation that blocks the pathway of histidine before the production of 
AICAR, the yield of suppressors on C-AD will be inhibited whether or not 
his tidine is present in the medium. 
Gi more a observation that C-AD does not yield any induced 
suppressor is not in disagreement with the proposed modal. In sow experiments 
performed during the present work an absence of suppressors on C-AD was 
also observed. 
The absence or the recovery of a small number of suppressors on 
C-AD may reflect a difference of pool size at the time the cells are 
plated on this medium. The proposed model postulates that suppression 
is a threshold process. If so, an endogeneous pool allowing a quick 
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production of the necessary AXCAR units may be available or not before the 
first step in the histidine pathway is inhibited. In the present work the 
cells were cultured on YEPD during 40-48 h. prior to induction, while 
Gilmore reports to have treated cells grown overnight in YIPD. If the 
period during which a rich substrate to available to the cells influences 
their endogenous pool, a short period may determine a complete absence 
of suppressors on C-AD. On the other hand, a longer period may promote 
a larger endogenous pool with consequent quicker production of AICAR 
units and, therefore, say allow some of the cells, carrying a pre-
mutational damage, to give rise to mutant clones. 
Hawthorne's observations (1969,a) are in agreement with the proposed 
model. He studied the induction of suppressors in a strain of S.cerevisia e 
requiring leucine, histidine, aethionine, lysine, uracil, adenine, phenyl-
alanine and tryptophan, using five different mutagens. Although he 
recovered spontaneous and induced suppressors on every selective medium 
that lacked one of the required metabolites, he never obtained 
suppressors on adenine less medium and only a few were recovered on medium 
lacking uracil. He reports that the cells were cultured in yeast extract 
medium during 40h. In his strain, it is not known whether the block in 
the adenine pathway is located before or after the production of AICAR. 
In any case the mutant would not be able to synthesize adenine since the 
histidine pathway is blocked in the first step (Pink, 1966; Hawthorne 
and Mortimer, 1968) and, therefore, cannot supply AICAR. 
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One feature remains unexplained: the C-TR "effect". In fact the 
*ld of suppressors on the 31 media has shown that the high frequency of 
these mutants on C-TR cannot be explained by the separate or Joint effect 
of the metabolites in this medium. Similarly, from the results obtained 
in other experiment, it is possible to conclude that: 
parental cells do not undergo residual divisions on C-TR; 
there is no premature exhaustion of the medial energy sources by 
background growth on media other than CTR; 
background cells do not affect the growth of class I and class V 
suppressors on omission media; 
the presence of tryptophan in the medium does not inhibit the expression 
of suppressors in general nor the growth of class V suppressors. 
It seems obvious that the reasons why C-TR yields more suppressors 
than any other media are not related to the composition of the medium. 
Every selective medium imposes an unique task to the cell, according to 
the metabolite(s), required by the strain, that the medium does not 
provide. On the five omission media only one gene has to be suppressed 
but it is always a different one. If more than one metabolite 
is omitted in the selective medium the cell has to suppress the genes 
corresponding to these metabolites. The uniqueness of the situation 
imposed by C-TR may lead to three different hypotheses at three different 
levels. 
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I. Level of the protein to be made. This hypothesis comes from the obser-
vation (Edlin et ci., 1968) that in an A-tryptophan synthetase mutant 
of E.coli the Incorporation* of uracil into RNA and of leucine into protein 
are higher under tryptophan starvation than under arginine starvation. 
Edlin and his collaborators explain this fact by the observation that 
tryptophan is not as prevalent an amino acid in protein as arginine, 
and hence that some proteins contain no tryptophan residues. Moreover, 
the tryptophan synthetase A-protein does not contain tryptophan (Somerville 
and Yanofsky, 1964). The tryptophan mutation of strain 11687-16C is also 
defective in tryptophan synthetase. It may be that these observations in 
E.coli also apply to yeast. In this case, on C-7R the cell would be given 
all the required metabolites except the one the cell needs in smaller 
amounts and hence the cell would synthesize large quantities of suppressor 
product. C-TR would, therefore, be expected to yield a higher frequency 
of suppressors than any other media. Once established, the suppressor 
mutation would be able to suppress the other alleles on test media. 
However, it does not seem to be shortage of suppressor product which 
causes the low yield of suppressors on media other than C-TR. On MM, 
where the cell has to produce altered tRNA enough to suppress all five 
nonsense mutations, the yield of suppressors is as high as on C-Hi, C-LY 
and C-AR where the cell must produce enough tRNA to suppress only one 
allele. 
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3, Level of the inserted 55i56 acid. "letter fitting" of the —Iso acid 
inserted by the suppress. ,  gene could also be Lavst.d to ezplstn the high 
yield of suppressors on C..TI. Tyroaias has been shown to be the anias acid 
inserted at the sits of the senses.. codes at least by class I suppressor. 
(Gilmore it *1, 196; Mthsrae, 1969.). It is possible that the tyrosis. 
insertion .111ws higher biological activity in the tryptophan synthatase 
protein than is any .tbsr of the foist suppressed pslypsptid. chains. 
This might occur if the nonsense cedon is not located in $ site of the 
tryptophan synthetase ciatron corresponding to an active centre of the 
protein. Alternatively, the location of the aoma.ass codes could 
correspond to an active centre of the enz'as, but in this case, tyroaias 
any either be the wild type anise acid or may be of the isno general type 
and hence biological activity would not be altered In great scale. 
3. Level of translation. The last hypothesis is that the triplets adjacea t 
to 	favour "suppressor recognition" and hence the tryptophan *11*1* 
would be sore "easily" suppressed than the other four nonsense triplets. 
One of the basic ssstLei'm of the current view, of the genetic code is 
that the translation machinery reads the messenger RM one 5 leotide 
triplet at a time and that the meaning of a particular codes should not be 
affected by the surrounding nucleotide sequence. NevertheLess lalser 
(1969) and Salsvz at *1. (1969) 9 by re-eea'LnatLoa of 	existing 
data on suppression, found that the fre.u.ncy of suppressor, varies in many 
cases, according to the location of the assess.o codes in the cistron. 
They suggest that the translation machinery any interact with $ aucleotido 
sequence, longer than the three awcleotidea • when involved Is a chain 
teraimatios relation. Takata it &l. (1970) found variation of suppression 
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efficiencies among four nonsense mutations of the lysozyse gene of phage T4. 
The nonsense mutations were derived frcm triplets which coded for glut amic 
acid in the wild type strain. The suppressor was known to insert 
glutsaic acid in the place of the nonsense codons; therefore, it restored 
the wild type polypeptide chain. He suggested that the variation was 
possibly due to the effect of the base sequences adjacent to the nonsense 
mutations. Also to explain Mutability, the hot spots in the rXI region 
of phage T4, have been interpreted (Zasenhof, 1967) as due to the 
particular base sequence neighbouring the sites of high frequency of 
mutations. 
The two last hypotheses (2 and 3) are not in contradiction with the 
data. Moreover, they do not exclude each other. One or both mechanisms 
can take place in the system. 
Additional observations re-enforce an explanation based on 
"suppression efficiency" either by suppressor recognition or by better 
fitting of the inserted amino acid. It was shown that trace quantities 
of arginine added to C..Ak (table III) enhanced the recovery of 
suppressors in general. This effect was not due to arginine itself 
since there was no enhancement in recovery when arginine was added to 
)St (table IX). The effect could be attributed to residual divisions 
occurring on the supplemented medium. Nevertheless, on C-Ti supplemented 
with trace amounts of tryptophan there was no increase in suppressors 
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(tables III and VIII) although residual divisions certainly occurred as well 
on this medium. It could be argued that more divisions took place on 
supplemented C-AR than on supplemented C-TR. This is unlikely because 
the same amount of both amino acids was provided. Furthermore, as 
tryptophan is not as prevalent an amino acid in protein as arginine 
(Bdlin et al. 1968) it I. not likely that fewer divisions have occurred 
on supplemented C-TR than on supplemented C-AR. 
On the present data, the most likely explanation seems to be as 
follows. If suppression efficiency on C-TR is such that a great part 
of all potential suppressors had given rise to a colony, there is no 
possibility of "improvement" by simply adding more tryptophan to provide 
for more residual divisions. However, mutation frequency may be 
enhanced by the addition of small amounts of yeast extract to C-TR. 
As will be discussed later this is probably due to substances other than 
tryptophw added in the yeast extract and not to residual divisions as 
such. 
At first sight, one of Hawthorne's results (1969a) seems to 
contradict mine. He found that higher frequencies of suppressors were 
obtained on leucineless medium. Although in his strain the tryptophan 
mutation was also coding for tryptophan synthetase, the allele was 
different from that of strain 11687-16C. This observation removes the 
discrepancy with the hypotheses based on suppression efficiency. It 
76. 
might be that, in his strain, the ochre codon is located in such a way 
it 
that/either does not favour suppressor recognition or the amino acid 
inserted (also tyrosine) does not confer high biological activity to the 
protein. 
The study of class V suppressors led to the following conclusions: 
By means of random spore analyses, it was demonstrated that 
class V strains, SV-43 and SV-T9, carry a suppressor gene(s). 
The yield of class V auppressots is strikingly higher on C-TR than 
on C.-AR. 
It was shown that C-TR affects some late step in the mutagenic 
pathway of class V suppressors. 
Studies of the growth of class V suppressors on solid and liquida 
media revealed that the mutants recovered on C-TR (T-suppressors) 
grow better under tryptophan starvation than under arginirte 
starvation. Conversely, suppressors recovered on C-AR (A-
suppressors) grow better under arginine starvation than under 
tryptophan starvation. 
After a few transfers onto media of diverse composition, 3 
T-suppressor and 1 A-suppressor strains grew equally well on C-TR 
as on C-AR. 
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The study of class V suppressors raises three main problems: 
i) the strikingly higher frequency of these mutants on C-TR than on C-AR; 
Li) the existence of two types of class V suppressors; and iii) the 
puzzling observation that T-suppressors and A-suppressors, growing better 
on C-TR and C-AR respectively, grow equally well on both media after a few 
transfers. 
In answering the first question the well known antagonism between 
lysine and arginine cannot be ignored since lysine is present in the media. 
That exogenously supplied lysine inhibits the growth of arginine auxotrophs 
has been observed in N.crassa (Doermann, 194) and in Aepergillus nidulan.s 
(Pontecorvo et al., 1953). In yeast, Bourgeois (1969) showed that exogenous 
lysine restricts the arginine endogenous pool. Nevertheless, it does not 
seem that lysine affects the mutation frequency in this system. The yields 
of the 31 media, containing all the possible combinations of the five 
metabolites, showed that most media containing lysine, in the absence of 
arginine, do not inhibit the recovery of suppressors. In that experiment, 
the mutants studied were class I suppressors and it might be argued that 
class V suppressors respond differently. If so, it is difficult to 
understand why class V A-suppressors grow better on C-AR. In any case, 
this problem could only be solved by studying the recovery of class V 
suppressors of a strain without a requirement for lysine. 
The existence of two types of class V suppressors, T-suppressors and 
A-suppressors, suggests that there are at least two loci coding for suppresses 
able to act upon the tryptophan and arginine alleles. If so, two 
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alternative situations could occur: 
1. 	The two genes code for two different tRNA which insert two different 
amino acids at the site of the nonsense codon. One amino acid fits the 
tryptophan synthetase protein better and the other fits the argininosuccinate 
ly.se protein (the protein coded by the mutated argin.tne locus) better. 
Alternatively, or concomitantly, one suppressor gene recognizes the 
tryptophan allele better and the other recognizes the arginine allele better. 
This suppression efficiency would persist after the expression of the mutants 
and would affect their growth on the two media C-IL and C-AR. The similar 
growth that the mutants showed after a few transfers could be explained in 
the following way: In some cellular conditions, accumulation of protein 
produced by suppression, or accumulation of amino acid from exogenous 
source, miMht lead to equal growth on both media despite the lower activity 
of one of the proteins and/or the worse suppressor recognition of one of 
the alleles. One question remains, however, why I-suppressors occur more 
frequently than A-suppressors. This feature could be explained by the 
introduction of a modification in the hypothesis: There are more than 
two tRNA genes which act upon the tryptophan and arginine alleles. 
These genes would insert a series of amino acids at the site of the 
nonsense codons. If the tryptophsn allele is not located in an active 
centre of the protein, most amino acids would fit this protein and a high 
frequency of suppressor bearing clones (T-suppressors) would be expected on 
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C-TR. Occasionally, a particular amino acid would fit the argininosuccinate 
lyase pron better than tryptophan synthetase and would be recovered on 
C,-,AR (A-suppressors). 
Nevertheless, the consideration of the genetic code shows that there 
is a limited number of tRNA species which can misread ochre triplets after 
one step mutation (Gilmore, 1966; Hawthorne, 1969*). The existence of a 
large number of classes of suppressors in this system (possibly eighteen) 
make it unlikely that more than one tRNA species is involved in class V 
suppressor phenotype, 
2. 	The two genes code for the se tRNA species. Redundancy of tRNA 
genes has already been shown in S.cerevisiae. Evidence coming from genetic 
studies led Gilmore (1966) to predict a minimum of seven loci coding for 
the same species of tRNA. Later, it was shown (Gilmore et *1., 1968) that 
eight suppressor genes, mapping at different sites, had the same phenotype 
i.e. they were all class X suppressors, and inserted tyrosine at the site 
of the nonsense codon. Schweizer et *1. (1969) have shown, by means of 
DNA-RNA hybridization that, in S.cereviaiae, there is an average number 
of five to seven identical cistrons coding for each species of t*NA. 
It is, thus, possible that most class V suppressors recognize the tryptophan 
allele better, due to the particular sequence of neighbouring bases, while, 
less frequently, some suppressors recognize the arginine allele 
preferentially. The differential suppressor recognition would persist 
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affecting the growth of the mutants when transferred to a different medium. 
The loss of tHs effect may reflect the presence of some cytoplasmic 
components in some cells absent in others. Transfer to different media 
would act by selecting the cells that contain this component. The nature 
of the cytoplasmic component is impossible to determine from the available 
data. Lirachmann and Davis (1969) have shown that the phenotypic suppression 
by a low concentration of streptomycin as well as by chloraaphen.tcol was 
dependent on the presence of a trace of the required growth factor. It 
was shown that the mutants failed to produce enough active enzyme to 
initiate growth. Once production of active enzyme was supported by 
the "primer", growth became self-perpetuating in the continuing presence 
of the suppressor. 
The experiments on media supplemented with either the required 
metabolites or an amino acid pool were designed to find out whether, as 
in bacteria, there is a broth effect in S.cerevisiae which is specific for 
suppressors. The broth effect is measured by the induced mutation 
frequency on medium supplemented with an amino acid pool divided by 
the induced mutation frequency on medium supplemented with traces of the 
previous growth requirements. A summary of the results is given below. 
The figures depicted in the table are the ratios of the observed mutation 
frequencies. 
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Broth effect - 
Media Supplemented, 	 Media supplemented / Media supplemented 
with traces of 7Meaa without with traces of axy' with traces of the 
Previous growth 	supplement- amino acid 	/ previous growth 
pool requirements / ation requirements 
true revertants 	suppressors  
C-TR 	 1.82 106 
C-AR 3.37 20.16 
C-TR-AR 	
- 57.10 
true revertants 	Suppressors 
3.00 	 4.25 
- 	 1.87 
As discussed in the RESULTS in S.cereviaiae, the question of a broth effect, 
acting by inhibiting dark repair, and specific for suppressor mutants remains open. 
Lilbey and Smith (1969) have demonstrated that an UV-sensitive mutant of yeast has 
characteristics which simulate those of bacterial mutants lacking excision-repair 
In the dark. Nevertheless, the available data do not allow the Conclusion that 
a mechanism, similar to that found in bacteria, involving inhibition of dark 
repair, also operates in yeast when an amino-acid pool is supplied to the cells. 
In fact, on C-TR there is an enhancement promoted by the amino acid pool but 
this is not specific for suppressors. Furthermore, on C-TR-AR, the broth 
effect is very weak. These two observations speak against the existence of a 
broth effect. As mentioned above, it may be that, in yeast, other mechanism 
is responsible for the enhancement in mutation frequency promoted by the 
presence of yeast extract in the medium. 
On the other hand, there is a possibility that most tr "true" 
revertants are actually due to suppression. If so, the results could be 
interpreted as a real broth effect occurring in yeast. It should be 
pointed out that the revertants studied by Magni and Puglisi (1966) in 
this system (mentioned in the RESULTS), were hi 4
, IL ' and sr4 reversions. 
82. 
Therefore, their work does not exclude the possibility that a large fraction 
of tr " revertants are due to suppression. In this case, it is possible 
that the high yield of suppressors on C-TI-AR supplemented with trace 
amounts of tryptophan and arginine is similar to a broth effect. This 
medium contains two nitrogenous bases and four amino acids besides the 
trace amounts of tryptophan and arginine. Since it is not known which 
fraction of the amino acids contained in yeast extract inhibit the dark 
repair, it is difficult to distinguish between broth effect and allowance 
for residual divisions promoted by traces of the required growth factor. 
It would be desirable to study broth effect in a yeast strain carrying 
less mutated genes. Nevertheless, Witkin (1962) studied the reversion 
rates of two loci, tr and le, of a diauxotrophic strain of Lcoli. 
After UV irradiation, the cells were incubated for one hour on minimal 
medium, minimal medium supplemented with eighteen different amino acids 
and this last medium without one amino acid each time. The max'mum 
frequencies of reverse mutation of these two loci were observed when all 
eighteen amino acids were present in the medium and the minimal frequencies 
were obtained when the medium was unsuppleaented. Except alanine, the 
omission of individual amino acids resulted always in low yield of 
mutants. In some case the yields were as low as that observed in 
minimal medium. 
On the present data, the decision whether a broth effect exists 
in yeast would require a series of experiments such as 1. study of 
revertants to find out whether they are mainly due to suppression; 
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2. study of the recovery of suppressors on selective medium supplemented 
with increasing concentrations of either the required gtcrth factors or 
an amino acid pools 3. the study of MPD by liquid holding post treatment 
in the absence of amino acid.. 
The study of forward mutations under anoxic versus oxic conditions 
did not lead to the observation of any specificity caused by the 
different status of the cell.. The selective technique employed is not 
sufficiently efficient to allow the study of large numbers of mutants. 
Indeed, the high frequency of induced RD mutants, also stained by the 
Magdala red dry, lowers greatly the efficiency of the selection. This 
study might be better performed in a RD strain where the similar sizes 
of the clones would make the replica plating technique more efficient 
than it was in my experiments. The attempt to use replica plating 
failed because after 6 days incubation there was a great difference in 
size of clones, due to the co-existence of RD and RS. Puthermore, RD 
cells mimic anoxic conditions because they are obligatory anaerobes. 
It may also be that specificities occur in genes other than 
those studied in the present work, or even that in S. cerevisiae such 
specificities do not occur as in Ophiostoma, C.reinhardi,and P.chrysogenum. 
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APPENDIX 
Significance Teits of the Effects of the Five Required Metabolites on the 
Recovery of Class I Suppressor. 
1. Main Effects 
Test A. Comparisons between the yields on 4M and on NM plus each 
metabolite (1 d.f.). 
chi - square 
Metabolite tested 	 Spontaneous 	 Treated 
TR 3.1 	NS 2.5 MS 
Hi 31.0** 19.6** 
LY 8.1** 2,5 MS 
AR 1.2 	MS 2.5 MS 
AD 2.6 	MS 0.02 MS 
MS non significant 	(P > 0.05) 
* - significant 	(P 	0.05) 
** - highly significant (P 	0.01) 
Test B. Comparisons of the man yields of all media containing one 
metabolite and all media lacking it (1 d.f.). Media 
containing metabolite* that affected the yield of suppressors 
were excluded. The excluded metabolites are indicated in 
column JIM. 
Spontaneous 	 Treated 
Metabolite tested 	chi-square 	EM 	chi-square 	DA 
TI 1.9 NS Hi 1.6 	MS AD, Hi 
Mi. 114.1CC AD 459CC AD 
76.9CC AD,AR 38.2CC AD, AR 
LI 0.08 MS Hi 1.1 	MS AD S  HI 
AR 0.03 MS Hi 2,0 	MS AD, Hi 
AD 0.7 KS Hi 23.2** Hi 
MS - non significant 	(P> 0.05) 
* - significant 	(P 	0.05) 
** - highly significant (P 	0.01) 
2. Interactions 
a. Second order interactions (1 d.f.) 
chi - square 
Interactions 	 Spontaneous 	 Treated 
TR x Hi 0.9 MS 0.8 MS 
TR x LY 0.8 115 0.9 MS 
TR x AR 0.1 MS 0.4 MS 
U * AD 0.5 MS 1,6 MS 
HLxLY 1.2 MS 1.6 KS 
HixAl 1O.1** 6.9 
HLxAD 20.1** 14.5 
LY x AR 3.6 115 0.6 MS 
LYZAD 37 KS 3.6 MS 
AR x AD 0.002 MS 0.6 KS 
	
MS 	- 	non significant 	(P> 0.05) 
* 	- 	significant 	 (P < 0.05) 
** 	- 	highly significant 	(P< . 0.01) 
b. Third order interactions (1 d.f.) 
Each pair shown in brackets was compared with the third metabolite. Media 
containing metabolites having shown second order interactions were excluded. 
chJ. - square 
Interactions 	 Spontaneous 	 Treated 
TR IBi JILLY 
(TR x Hi) x LY 
(TR x LY) x 141 
(EL x LY) x TR 
TR,H1 ,AR 
(Hi x AR) x TR 
TR I HI 1AD 
(Hi x AD) x TR 
TR I LYAR 
(TR x LY) x AR 
(TR x AR) x LY 
(LY x AR) x TR 
TR I LYAD 
(TR x LY) x AD 
(TR x AD) x LY 
(1.! x AD) z Tk 
TR,AR,AD 
(TRI AR) xAD 
(TR x AD) x AR 
(AR x AD) x TR 
EL,LY,/ 
0.004 MS 0.02 MS 
0.4 MS 0.2 MS 
1.4 MS 0.2 MS 
	
1.6 	MS 	 0.04 	MS 
0.4 	Ms 	 0.2 	NS 
0.4 MS 0.0001 US 
1.4 US 0.1 N 
0.03 P15 0.02 145 
2.3 	MS 	 0.7 	MS 
7,0 ** 0.6 MS 
22 	148 	 0.03 	Ms 
0.8 MS 0.01 MS 
0.3 MS 0.1 MS 
1.1 MS 0.02 US 
b. Third order interactions (1 df.) - cont'd 
chi - square 
Interactions 	 Spontaneous 	 Treated 
EJ J LT IIAR 





HI 1 LY,AD 
(Hi x AD) x LI 
LYAR IAD 
(LI z AR) x AD 
(LI z AD) z AR 
(AR x AD) x LI 
2.8 	MS 0.6 KS 
1.3 	MS 1.2 KS 
1.1 MS 0.1 KS 
7.5 ** 1.6 KS 
	
MS 	- non significant (P > 0.05) 
* 	- significant 	(P0.05) 
** 	- highly significant(P 0.01) 
TR 1 Hi LY,AD 
(Ti x Hi x AD) x LI 
(Hi x LI x AD) z Ti 




C. Fourth order interaction.. (1 d.f) 
Each triplet (or pair) shown in brackets was compared with the fourth 
metabolite or with the second pair of metabolites. Media containing 
metabolites having shown second or third order interactions were excluded. 
chi - square 
Interactions 	 Spontaneous 	 Treated 
TRHi LIAR 
(TRzHjx AR) xLy 	 - 	 0.006 	MS 
(Hi xLYx AR) xTR - 1.6 MS 
(Ta x LY)x(Jit x AR) 	 - 	 0,7 	MS 
TR IHI ,Ai AD 





TR ILL Y1AR AD 
(Ti z LI x AR) x AD 
(Ti x LI x AD) x AR 
(Ti x AR z AD) z LY 
(LI x AR x AD) x Ti 
(Ti x LY)x(AR x AD) 
(Ti x Ai)x(LY x AD) 








Hi J LY,AR JAD 
(Hi XARx AD) xLy 	 - 	 40,3** 
	
145 	- non significant 	(F> 0.05) 
* - significant 	 (P0.05) 
** 	- highly significant 	(P 0.01) 
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The induction of mutations in different physiological states 
was studied in Saccharomyces cerevisise. The two main lines followed 
were: 1. the effect of the plating medium on the recovery of 
supersuppressora; 2. the effect of oxic versus anoxic conditions 
on the spectrum of forward mutations. 
In a strain that carries five auxotrophic nonsense mutations 
many reversions are due to suppression. When UV-treated and untreated 
parental cells are plated on complete media from which one of the five 
required growth factors has been omitted (omission media) there is a 
differential recovery of suppressors. The highest frequency is 
observed on C-7R (complete medium minus tryptophan) while the lowest 
is observed on C-AD (complete medium minus adenine). The Study of the 
recovery of spontaneous and induced class I suppressors (those acting 
on all five suppressible alleles) on all possible 31 different 
selective media showed that exogenous histidine inhibits the reoovery 
of these mutants . However, if adenine is added to the hiatidine-
containing media, the inhibition is lifted. A model, based on the 
role of KM in supersuppression and on the biosynthetic pathways of 
histidine and adenine can account for most of the observed differences 
between the frequencies of suppressors on the various media. It cannot, 
however, account for the high frequency of suppressors on C-TR. Several 
hypotheses to explain this observation were tested. The tentative 
conclusion is drawn that, for the particular type of suppression required 
on this medium, either misreading of the nonsense codon by mutated tRIM 
is facilitated by the neighbouring bases or the type of acceptable amino 
acid is less rigorously limited. 
Use other side if necessary. 
2 . 
UV-induced class V suppressors (those acting on the tryptophan 
and arginine alleles) are also recovered at much higher frequency on 
C-fl than on C-AR. In fact, the difference here is even more striking. 
It appears that there are two types of these mutants: one grows better 
on C-fl and is recovered only on this medium at high frequencies; 
the other grows better on C-AR add I. recovered only on this medium but 
at low frequencies. After a few transfers on media of diverse 
composition the differential growth effect was lost. 
Experiments were also cartied out to test whether in yeast, 
as in bacteria, trace supplementation of an amino acid pool preferentially 
increases the recovery of supersuppressors. The results give no clear 
evidence for such an effect in yeast. 
The spectrum of UV-induced forward mutations in a wild type 
strain was studied under oxic and anoxic conditions. The Magdala red 
staining technique was used for selecting auxotrophs and was found 
suitable Its efficiency, however, is lowered by the high frequency 
of induced petite mutations which also stain on medium containing the 
dye. No qualitative or quantitative differences were observed in the 
spectra of mutations. 
